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NOTICES 

When Government drawings, specifications, or other data are used for 
any purpose other than in connection with a definitely related Government 
procurement operation, the United States Government thereby incurs no 
responsibility nor any obligation whatsoever; and the fact that the Govern- 
ment may have formulated, furnished, or in any way supplied the said draw- 
ings, specifications, or other data, is not to be regarded by implication 
or otherwise as in any manner licensing the holder or any other person or 
corporation, or conveying any rights or permission to manufacture, use, or 
sell any patented invention that may in any way be related thereto. 

The information contained herein is a part of the supersonic transport 
research program sponsored by the Federal Aviation Agency with technical 
support provided by the Department of Defense and the National Aeronautics 
and Space Administration. 

Qualified requesters may obtain copies of this report from the Defense 
Documentation Center (DDC), Cameron Station, Bldg. 5, 5010 Duke Street, 
Alexandria, Virginia, 22314. 

This report has been released to the Clearinghouse for Federa? Scientific 
and Technical Information, U. S. Department of Commerce, Springfield, 
Virginia, 22151,in stock quantities for sale to the general public. 
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SECTION I. FOFtESYORD 

. 
I n  August of 1961 the firm of Clark,  Buhr and Nexsen, Archi tects  and 

Engineers, under contract  with the National Aeronautics and Space Adrnin- 

representat ives  of National Aeronautics m d  Space Administration, the 
U. S. A i r  Force, the Fsderal  Aviation Agency, and r ep resen ta t ives  of t h e  
National Opinion Research Center (University of Chicago) a lso  under con- 
t r a c t  with National Aeronautics and Space Administration t o  e s t a b l i s h  
c r i t e r i a  f o r  s t r u c t u r a l  invest igat ion of E O ~ C  boom damage. Also, re- 
presentat ives  of Clark, Buhr and Nexsen researched e x i s t i n g  d a t a  com- 
p i l e d  as a r e s u l t  of sonic boom damage complaints against the Government. 

:r+..r+: A- I D------L pAn+-- &--on ..Mal < m <  n s m r  ennPoronroa m i  th 
.LubAau.Lvl l )  - A g - L e J  A L b W b U A u I I  V b A A * c & ,  y- ~ A . - ' U - L L - \ - ~  ------ ------ ..- --- 

The St.  Louis, Missouri area was se l ec t ed  a s  the  s i t e  f o r  tes t  
f l i g h t s  of supersonic a i r c r a f t  and f i e l d  inves t iga t ions  of damage t o  
s t r u c t u r e s  by the son ic  boom overpressures. Test  f l i g h t s  were flown 
(luring the periods of November 6 through 12, 1961 and January 3 through 
6, 1962. Representatives of  Clark, Buhr and Nexsen were i n  the t a r g e t  
m e a  during the  periods of the t e s t  f l i g h t s .  
engineer, and a mechanical engineer comprised the i n v e s t i g a t i n g  team. 

The phase of the  ove ra l l  t e s t  program t h a t  is covered by t h i s  r epor t  

An a r c h i t e c t ,  a s t r u c t u r a l  

cons t i t u t e s  research of typical  sonic boom claims, i n v e s t i g a t i o n  of 
alleged damage t o  s t r u c t u r e s  caused by the s p e c i f i c  t e s t  f l i g h t s ,  com- 
p i l a t i o n  and organization of field data  i n t o  a comprehensive report. 

c 
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SECTION 11. FIELD INVESTIGATIONS 

During the two t e s t  periods of November 6 through 12, 1961 and 
January 3 through 6 ,  1962, a t o t a l  of seventeen supersonic f l i g h t s  

scheduled by National Aeron?.utics and Space Administration. The 
a i r c r a f t  pa r t i c ipa t ing  were of two types;  one was a B-58 supersonic  
bomber, and the  o the r  v i s  a ~ ~ ~ 0 6  f i g h t e r  aircraft, both suppl ied and 
p i lo t ed  by the  U. S. Xi? Force, 

.-.--- vfGL 
abbu,u.+luLLbu ------l< -L-d 5.2 a ;r&xig,-.~%4 flight ~ 9 r r i . h ~  hz tost aircraft 

Following is a log  of o f f i c i a l  tes t  f l i g h t s  i n d i c a t i n g  date, 
time of day, type of a i r c r a f t ,  a l t i t u d e ,  and speed. 
d id  not vary from the predetermined f l i g h t  co r r ido r  by more than  one 
mile 

These t e s t  f l i g h t s  

M G  OF SONIC BOOM TEST FLIGHTS 
Time of A i rc ra f t  Al t i tude  Mach 

T:DO Ft ,  NO Day CST .- Date 

6 Nov 1961 
6 Nov 1961 
8 Nov 1961 
8 Nov 1961 
9 Nov 1961 
9 Nov 1961 

10 Nov 1961 
11 Nov 1961 
11 NOTI 1961 
1 2  Nov 1961 
12 Nov 1961 
I 2  Nov 1961 
12 Nov 1961 
3 Jan 1962 
3 Jan 1962 
6 Jan 1962 
6 Jan 1962 

2304 
2316 

1128. 
1105 

1258 
1313 
1759 
0027 
0050 
0501 
0518 
101.6 

2207 
2231 

1041 

2209 
2228 

3-106 
F-106 
B-58 
B-29 
F-106 
F-106 
T-106 

B-58 
B-58 

F-106 
F-106 
B-58 
B-58 
B-58 
B-58 
B-58 
13-58 

41,000 
41,000 
41,000 
41,000 
41,000 
41 , 000 
41,000 
41,000 
41,000 
41,000 
41,000 
41,000 
41,000 
35,000 
35,000 
31, ooo 
31,000 

2 00 
2 .o 
1-5 
1.5 
2 .o 
2 .o 
2 .o 

la5 
2 .o 
2.0 
1.5 
1.5 
1.5 
1 *5 
1.5 
1.5 

1 

S t .  Louis had been subjected t o  f requent  sonic  boom occurrences 
during the  four  months preceding and simul-taoeously with t h e  test  
f l i g h t s .  
had been followed, and t he  popuiacr;. vias indoct r ina ted  as t o  cause,  
purpose, and r e spons ib i l i t y  re1 r_,f;nd to  son ic  booms. Newspaper , rad io ,  
t e l ev i s ion ,  and personal appea;-aces by P.I.O. personnel were used t o  
acquaint the r e s iden t s  vii9i ti phenomenon of  sonic boonis and t h a t  damage 

Pr ior  t o  the  scheduled trst f l i g h t s ,  t h e  A i r  Force policy 
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t o  buildings c?n be expecte3. 
damage VISE sustained and t h a t  t h e  A i r  Force would accept responsibi-  
l i t y  fo r  sonic  boom caused damage. 

They were advised of  whom t o  cal l  if 

The t e s t  f l i g h t s  were held c o n f i d e n t i d ;  however, t h e  area had 
been thoroughly sa tu ra t ed  by sonic  boom occurrences and w a 6  fami l ia r  
with damage repor t ing  procedures. 

The Judge Advocate General ' s  o f f i c e  at Scot t  A i r  Force Base 
handled sonic  boom complaints f o r  the test  f l i g h t s .  
Baae is located i n  I l l i n o i s  approximately 40 miles from St. Louis. 
Telephoned complaints en ta i l ed  a long dis tance  phone c a l l .  Personnel 
at the base recorded the  complaints on previously prepared forms. 
copy of the form is appended t o  t h i s  Sec t ion  as Exhibi t  NO. 1. 

Sco t t  A i r  Force 

A 

An i nves t iga t ion  team, comprised of an A i r  Force l e g a l  o f f i c e r ,  
a photographer, and an  a r c h i t e c t  o r  engineer,  was relayed the  com- 
p l a in t  information from the  Rase so as t o  a r r i v e  at the scene of re- 
ported damage a6 soon as possible .  Most complaints, however, were 
invest igated the day following due t o  the  time of t he  n ight  f l i g h t s  
and time l a g  of complaints. 

Clark, Buhr and Nexsen inves t iga t ion  teams made a t o t a l  of 84 
inves t iga t ions  of reported damage from sonic  booms s p e c i f i c a l l y  re- 
l a t e d  t o  the  scheduled flights. 
by the a r c h i t e c t  o r  engineer t o  ob ta in  pe r t inen t  d a t a  on t he  s t ruc -  
ture .  The form, supplemented by photographs of the  reported damage, 
were used as a b a s i s  of ana lys i s .  A copy o f  the  form is appended t o  
t h i s  Section as Exhibit  No. 2. 

Inves t iga t ion  repor t  forms were used 

. 
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SECTION 111. COMPILATION OF DATA 

The data acquired during the f i e l d  inves t iga t ions  has been 
analyzed, compiled, and presented on the group of bar  graphs that 
follow. 
phtte:! 0;: L-~G mspa f c r  each Gi&t ziid on P cuui&tiitr map w i i i c i r  
follow the  ba r  graphs. 
ves t iga t ions  by any source o the r  than by National Aeronautic6 and 
Space Administration sponsored invest igat ions.  

Figure No. 1 and No. LA r e f l e c t s  the d i f f e r e n t  types of con- 
s t r u c t i o n  of the 84 s t r u c t u r e s  investigated.  
shows t h e  breakdown: 

The loca t ion  and c r e d i b i l i t y  of reported damage have been 

No c r e d i b i l i t y  has been establ ished for in- 

The following list 

No . Invest igated dp of Total 

Frame 25 
Brick Veneer 26 
Brick Val1 24 
Block 5 
Other 4 

29.8 
31 .O 
28,6 
5.9 
4 .? 

Figure No, 2 and No. 2A r e f l e c t s  the number of s t o r i e s  to 
s t r u c t u r e s  invest igated.  The following list shows the  breakdown: 

No. Invest igated % of Total  

One Story  

Three Story 
Other 

!bo s t o r y  
34 
43 
6 
1 

40.5 
51.2 
7.2 
1.1 

Figure No. 3 and No. 3A r e f l e c t s  the sub-floor conditions of 
The following list shovrs the  breakdown: s t r u c t u r e s  invest igated.  

No. Invest igated 

so W t h  Basement 
Without Basement 21 

13 Not ava i l ab le  

% of Total  

59.5 
25.0 
15.5 

Figure No. 4 and No. 4 A  r e f l e c t s  the type of usage of s t r u c t u r e s  
inves t iga t ed  . 

No. Invest igated 

Resident ia l  68 

% of Total  I 

81 .o 
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No. Investigated % of Total (Cont'd) 

Resid. -Corn. 
Commercial 
Garage-Utility 

8 
7 
1 

9.5 
8.9 
1.1 

Figure No. 5 and No. 5 A  reflects the age of structures -2veS- 
tigated. 

1-5 years 
6-10 years 
11-20 years 
21-40 years 

60-over 
41-60 yea6 

No. Investigated $J of Total 

17 
7 
7 
19 
19 
15 

20.2 
8.3 
8.3 
22.6 
22.6 
18.0 

Figure No. 6 and No. 6 A  reflects,the interior condition of 
structures investigated. 

Good 
Fair 
Po0 r 

No. Investigated 

26 
32 
26 

$% of Total 

31.0 
38 00 
31 .o 

Figure No. 7 and No. 7A reflects the evidence of settlement in 
structures investigated. 

Settlement 
Ik Settlement 
Not Available 

No. Investigated 

49 
18 
17 

$ of Total 

58.4 
21.4 
20.2 

Figure No. 8, 8A, 9, and gA reflect the type of damage reported 
to structures investigated. 

Number % of Valid Doubtful 
Investigated Total No.$ 

Damage structural 5 6 .o 1 20.0 4 80.0 
4Q.3 
19.0 5 31.2 11 68.8 

Plaster 34 
Glass - 1 pane 16 

6 17.5 28 82.5 
Glass - 2 pane 8 9.5 4 3.0 4 50.0 
Glass - 3 or more panes 1 1.2 1100.0 0 0.0 

. 

L 

. 
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(Cont Id) Number % of Valid Doubtful 
Invest igated To tal - No.- No.-- 

Cracked t i l e s  & f i x t u r e s  4 4.8 2 50.0 2 50.0 
Broken due t o  f a l l  4 4.8 4 100.0 0 0.0 
Broken ob jec t s  1 1.2 1100.0 0 0.0 
. A n n 1  -rr---..-- i 5nc.a- -- 4 4.8 0 0.0 4 100.0 

P l a s t e r  an6 furnishings 1 1.2 0 0.0 1 100,o 
P l a s t e r  an6 g l a s s  6 9.8 3 50.0 3 50.0 

Figure No. 10 and 1 0 A  r e f l e c t s  the c r e d i b i l i t y  o f  complaints in- 
vestigated.  

No. Invest igated % of  Total  

Valid 
h u b  t f ul 

28 
56 

33-3 
66.6 

In an e f f o r t  t o  keep t h e  s t a t i s t i c s  as accurate ,  simple, and 
easy t o  i n t e r p r e t  as poss ib l e ,  only v a l i d  and doubtful ca t egor i e s  
a re  used. Possibly v a l i d  cases are considered va l id ,  

To c l a r i f y  the phraseology used t o  desc r ibe  the opinions of the 
inves t iga tors ,  the list and intended meanings of words and phrases used 
t o  describe opinions follows: 

- Valid. 
probably due t o ,  o r  w a s  t r iggered by sonic boom overpressures. 

In  t h e  opinions of t h e  i n v e s t i g a t o r s  the  damage w a s  

Possibly Valid. In  the opinions of t h e i n v e s t i g a t o r s  the damage 
may or may not have been caused by sonic  boom overpressures.  
damage i n  t h i s  case appeared recent and the  s t r u c t u r e  appeared sound 
and well  maintained. 
i t  was of the type t h a t  could be caused by a son ic  boom. 

The 

While there was no apparent cause for the  damage, 

Doubtful. I n  the opinions of the  i n v e s t i g a t o r s  the  damage wa6 
I n  t h i s  ca6e a d e f i n i t e  cause not due t o  sonic boom overpressures. 

o the r  than sonic  boom v~as es t ab l i shed  f o r  the  damage claimed, o r  the  
damage w a s  not of a type expected t o  be caused by a sonic boom. 

Cognizance should be taken of the f a c t  t h a t  t h e  i n v e s t i g a t i o n s  
revealed many s i t u a t i o n s  t h a t  could not be accepted o r  denied without 
question. The judgment of t h e  t r a i n e d  a r c h i t e c t  o r  engineer served 
a6 the only b a s i s  f o r  dec is ion  i n  the  possibly v a l i d  cases. 

Each sonic  boom t e s t  f l i g h t  is p l o t t e d  sepa ra t e ly  on a map along 
with the loca t ions  of each complaint received f o r  t h a t  s p e c i f i c  
f l i g h t .  (See f i g u r e s  11 through 20). Symbols on t h e  map i n d i c a t e  
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t h e  c r e d i b i l i t y ,  and i f  inves t iga ted  by the  National Aeronautics and 
Space Administration engineering inves t iga t ion  team o r  by t h e  A i r  
Force. The time o f  f l i g h t ,  type,  a l t i t u d e ,  and mach number of the  
a i r c r a f t ,  and f l i g h t  path also are indica ted  on the  map. 
map, represent ing all damage complaints a t t r i b u t e d  t o  the 17 sonic  
boom t e s t  f l i g h t s ,  is a l s o  included. 

A composite 

Since the sonic  boom t e s t  f l i g h t s  were i n  most cme6 run i n  
group6 of two, one from 15 t o  9 minutes a f t e r  the  f i r s t ,  p l o t t i n g s  
were made for both f l i g h t s  as one, i n s t ead  of two separate f l i g h t s .  
Persons r epor t ing  sonic  boom damage t o  s t r u c t u r e s  o f t e n  r e fe r r ed  t o  
the  time of occurrence as from 11:oO - 1l:p; thus the  reason f o r  
considering t h e  two separa te  f l i g h t s  as one. 

From observing the  maps and the  following t ab le ,  i t  is seen  that 
the  a rea  over which the  a i r c r a f t  f l e w  and up t o  4 miles from ground 
zero w a 6  highly  i n d u s t r i a l  and commercial, 
most pa r t  are s turdy  but  old.  
par  with today 's  newer bui ld ings ,  while o the r s  are o ld  and i n  poor 
condition. I n  the  lat ter group, any damage a sonic  boon would cause 
is l i k e l y  to  go undetected due t o  numerous p l a s t e r  and vlindovr cracks 
tha t  a l ready exist. 
more so than they would i n  an i n d u s t r i a l  or  commercial s t r u c t u r e .  

These s t r u c t u r e s  €or t h e  
Many have been remodeled t o  come up t o  

Also persons no t i ce  damage i n  the i r  ovrn homes 

The a r e a  of g r e a t e s t  inves t iga ted  complaints was from 4 t o  6 miles 
from the f l i g h t  t rack.  
dens i ty  is large .  

This is a very o ld  sec t ion ,  and the  populat ion 

The zone 6 t o  8 miles from t h e  f l i g h t  track w a s  the  next l a r g e s t  
f o r  inves t iga ted  complaints. 

I n  t h e  8 t o  16 mile zones from the f l i g h t  t r ack  the  houses are 
spaced f u r t h e r  a p a r t ,  are newer, and are i n  a b e t t e r  state of repair 
than i n  t h e  0 t o  8 mile zones. 

The a r e a  t o  the  right of the  f l i g h t  path,  looking nor th  on the 

This  area is highly i n d u s t r i a l  with a low popula- 
composite map, has fewer inves t iga ted  complaints than on t h e  l e f t  of 
the f l i g h t  path.  
t i o n  densi ty .  
side of the  Mississ ippi  River, from t h e  f l i g h t  t r ack  t o  6 miles,  are 
old and run down. 
go unobserved due t o  numerous cracks,  etc., t ha t  a l ready ex i s t ed  i n  
these  s t ruc tu res .  

The residences t h a t  do e x i s t  on the E. St. Louis 

Thus any damage caused by a sonic  boom would of ten  

I11 - 4 
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To the Left  of F l i g h t  
Path Looking North 

COMPLAINTS PER mM3 

Invest igated bx 

Miles from CB&N CBW 
Fl igh t  Path A i r  Force Legitimate Doubtful T o t a l  

0 - 2  
2 - 4  
4 - 6  
6 - 8  
8 - 10 

10 - 12 
12 - 14 
14 - 16 

0 
10 
22 
16 
12 
6 
3 
0 

4 
6 
5 
5 
3 
1 
1 
1 

2 
10 
22 

6 
4 
0 
4 
3 

6 
26 
49 
27 
19 
7 
8 
4 

To the Right of Fl ight  
Path Looking North 

0 - 2  
2 - 4  
4 - 6  
6 - 8  
8 - 10 

0 
3 
3 
1 
0 

0 
1 
2 
0 
0 

The maximum overpressure occurs at a dis tance of 0 t o  2 miles  
from the f l i g h t  t rack and, t h e o r e t i c a l l y ,  should cause the l a r g e s t  
amount of damage. 
tance from the fl.ight track and w i l l  general ly  increase with lower 
a i r c r a f t  a l t i t u d e .  
sures  prepared by National Aeronautics and Space Administration. 

The overpressure w i l l  general ly  decrease with dis- 

Refer t o  following t a b l e  of Sonic Boom Overpres- 

It is i n t e r e s t i n g  t o  note t h a t  the  l a r g e r  A d  heavier B-58 f l y i n g  
at the same a l t i t u d e  and a t  a l e s s e r  supersonic speed than the  F-106, 
caused a g r e a t e r  overpressure from 0 to 10 miles from the f l i g h t  
t rack,  and an overpressure approximately equal from 10 t o  16 miles 
from the f l i g h t  track. 

The maps of the individual  f l i g h t s  i nd ica t e  that  more damage 
inves t iga t ions  were made for the B-58, f l y i n g  at 35,000 f e e t ,  than 
f o r  any of the o the r  f l i g h t s .  
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SECTION IV. DISCUSSION OF RESULTS 

The r e s u l t s  of t h e  i n v e s t i g a t i o n s  of t h e  sonic  boon t e s t  f l i g h t s  
and conferences with cognizant and i n t e r e s t e d  p a r t i e s  have yielded 
seve ra l  pe r t inen t  observations which a r e  discussed b r i e f l y  hereinaf ter .  

A. From the f i e l d  i n v e s t i g a t i o n s  and analyses ,  i t  is apparent 
t ha t  the reported damage normally occurs at stress po in t s  wi th in  a 
s t ruc ture .  
t i o n  of cementious mater ia l s ,  and poor q u d i t y  of workmanship c rea te  
a p o t e n t i a l  f a i l u r e  of building mater ia ls .  This p o t e n t i a l  e x i s t s  i n  
varying degrees i n  a l l  s t r u c t u r e s ,  and f a i l u r e  can be t r i gge red  at 
any time. The overpressure of  a sonic  boom ha6 the c a p a b i l i t y  of t h i s  
t r i gge r ing  ac t ion ,  as has passing vehicu lar  t r a f f i c ,  thunder storms, 
heavy f a l l i n g  objec ts ,  and average household operations.  S p e s  of 
damage a r e  s p e c i f i c a l l y  analyzed as follows: 

Bui l t - in  s t r e s s e s  due t o  drying out  of green lumber, hydra- 

1. Plaster .  

The overpressures from the scheduled supersonic t e s t  f l i g h t s  
described he re in  were not of a s u f f i c i e n t  magnitude to  cause damage 
t o  sound p l a s t e r  are=. 
pressures  have the  capab i l i t y  of t r i g g e r i n g  cracking o r  complete 
f a i l u r e  at a s t r e s s e d  portion of p l a s t e r  and/or causing an e x i s t i n g  
crack t o  Secome more extensive. Also, por t ions  of p l a s t e r  t h a t  are 
weakened by wetting o r  improeer i n s t a l l a t i o n ,  o r  po r t ions  where t h e  
l a t h e  has de t e r io ra t ed  were observed t o  have fa l len .  This condition 
possibly could have been t r igge red  by a person walking on the f l o o r  
above the weak port ion of p las te r .  G e n e r d l y ,  where f a l l e n  p l a s t e r  
was observed, t h e r e  were judged t o  be  o the r  contr ibut ing f a c t o r s  and, 
therefore ,  the damage was conqidered t o  be i n  the doubtful category. 
P l a s t e r  cracking W ~ S  found i n  some cases  where no con t r ibu t ing  f a c t o r s  
were judged t o  e x i s t  and thus  t h e  damage w a s  considered t o  be va l id  
or possibly valid.  

It is conceded t h a t  the  experienced over- 

2. Glass. (VJindows , show windows, and s torm windows. ) 

The overpressures from the scheduled supersonic t e s t  f l i g h t s  
described he re in  were not of a s u f f i c i e n t  magnitude t o  cause good 
qual i ty ,  properly i n s t a l l e d  g l a s s  t o  break. It is conceded t h a t  over- 
pressures have t h e  capab i l i t y  of t r i g g e r i n g  cracking o r  breaking o f  
glass t h a t  w a s  s t r e s s e d  by improper i n s t a l l a t i o n ,  bui lding set t lement ,  
previous damage o r  poor quali ty.  Often g l a s s  cracks and breakage were 
judged t o  be associated with s t r e s s  concentrations.  Such stress con- 
cen t r a t ions  may have been improper i n s t a l l a t i o n  of g l a z i e r s  po in t s ,  
glazing beads, Eaulty puttying, o r  t o  a flaw i n  the  g l a s s  i t s e l f .  A 
window s e t  with no provision for f l e x i n g  i s  more l i k e l y  t o  crack than 

not experience the s t r e s s e s  tha t  a r i g i d l y  i n s t a l l e d  window oiould. 
.I-Lb4uv . - IU-GLC ...--c: i 6 i i d i  caii def lect  with t h e  overpressure and t h u s  
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In  some ins t ances  the s t r u c t u r e s  invest igated h d  an inner aindow 
cracked, whereas the  storm viindou was not damaged. 
overpressure possibly caused t h e  storm windon to  d e f l e c t ,  compressing 
the air i n  the space between the window and storm viindoiv t o  transmit 
the impact force t o  the inner  window. The inner ivindovi, ivhich is 
generally s e t  more r i g i d  than the storm window, and is  not 2.s f l e x i b l e ,  
could conceivably crack. 

The sonic  boom 

3* Furnishings.  

I n  seve ra l  complaints persons claimed t h a t  the sonic boom had 
caused damage t o  movable furnishings i n  t h e i r  homes. Some persons 
claimed broken vases,  f a l l e n  p i c tu re s ,  and f a l l e n  wall racks. I n  
observing the above claimed damage, i t  was noticed t h a t  i n  most cases 
the fallen ob jec t s  were insecurely attached t o  the wall. 
or  jar caused by persons i n  the immediate a rea  of the f a l l e n  object  
could have caused the ob jec t s  t o  f a l l .  
o r  rvindov sills were obviously placed very close t o  the edge of the 
shelve o r  sill. 
could cause the ob jec t s  t o  f a l l .  

A n y  j o l t  

Objects which f e l l  from she lves  

Again, any j o l t  o r  jar made i n  the i m e d i a t e  a rea  

4. Cracked Water Closets. 

On observing seve ra l  cracked water c l o s e t s ,  i t  is our opinion 
t h a t  the son ic  boom had no e f f e c t  on the cracking of these obsects.  

5. Appliances. 

Thc appli.ances t h a t  were claimed t o  be damaged as a r e s u l t  of 
t e s t  f l i gh t  sonic  booms were t e l e v i s i o n  s e t s  and hot water hea te r  
thermostats. 

On s e v e r a l  occasions t e l e v i s i o n  s e t s  were claimed t o  have f a i l e d  
Upon inves t iga t ing ,  i t  uas learned t h a t  as a result: of a son ic  boom. 

a n t e r i a ,  both “ rabb i t  ears“ and roof t o p  type, had f a l l e n  from t h e i r  
ncrzel  posi t ion.  

The thermostats on the  hot water hea te r s  f a i l i n g  could not be 
a t t r i b u t e d  to  sonic booms, 

6. Structural-. 

Since the design of walls and roofs  of bui ldings a r e  based on 
building ccde requirements r equ i r ing  c a p a b i l i t y  of r e s i s t i n g  a mini- 
mum of  20 pounds pe r  square f o o t ,  wind load, and t h e  t e s t  f l i g h t  
overpressures were r e l a t i v e l y  small (under 3 p s f ) ,  i t  is imprcbable 
t h a t  any s t r u c t u r a l  damage t o  bui ldings t h a t  were properly constructed 
and well maintained was a r e s u l t  of sonic  booms. The overpressures 

. 
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tc 

could possibly have t r iggered c racking  at a s t r e s s e d  condi t ion i n  a 
s t r u c t u r e  and/or caused an e x i s t i n g  crack t o  open up o r  grow longer. 

E, Representatives o f  Clark, Buhr and Nexsen observed e f f e c t s  
of s o z c  boom at approximately ground zero loca ted  at a l i k e l y  spo t  
i n  a new supermarket parking l o t .  
“,:*E cf 1/4-inrh th jck  pla te  glass set- i n  aluminum frames. 
s i z e  w a s  approximately 9 f ee t  by 12  f e e t  each. 
f l e c t e d  with the wind which d i d  not exceed 20 mph and very not iceably  
def lected with autcmotive and t ruck  t r a f f i c  from the s t r e e t  approx- 
imately 150 f e e t  away. 

The s t o r e  had s i x  l a r g e  show win- 
Window 

These windows de- 

Representatives of C!.srk, E;.hr and Nexsen observed the c o n t r a i l s  
of approaching a i r c r a f t  which passed almost d i r e c t l y  overhead. 
sonic boom overpressure caused the show winciovrs t o  d e f l e c t  i n  unison, 
and they reverberated for approximately 3 seconds. 
i ng  t o  observe, however, tha t  t h e  v i s i b l e  d e f l e c t i o n  d id  not exceed 
by very much the d e f l e c t i o n  caused by t r u c k s  on the  highway. 

The 

It was i n t e r e s t -  

C, It is  the opinion of t h e  i n v e s t i g a t o r s  t h a t  the  publ ic  in- 
formaFzon policy of the  Air Force caused a high percentage of com- 
p la in ts .  I n  the area arovnd Norfolk, Virginia ,  booms occur with 
somewhat less frequency than i n  the St.Louis area, but only 5 com- 
p l a i n t s  have been reported to t h e  F i f t h  Naval D i s t r i c t .  

This ind ica t e s  t ha t  the p u b l i c i t y  by t h e  A i r  Force caused an 
unusual number of complaints to  be reported.  

I who want t o  report  doubtful c l a i m  t o  have an es t ab l i shed  b a s i s  for 
Government responsibi l i ty .  

This also allows persons 

Some persons reported damage with no b a s i s  of sonic  boom causa- 
Other persons reported damage and had no i n t e n t i o n  of making 

Had the  pub l i c i ty  not  been s t r e s s e d ,  a l a r g e  po r t ion  of 
t ion.  
a claim. 
the persons would not have complained. 

ALT F c c e  t ra in ing  mission6 a d  the  s p e c i a l  flights of tlicse s t u d i e s )  
experienced during a six month period i n  t h e  g r e z t e r  S t ,  Louis area 
of about th ree  m i l I i o i  people 
been regis tered.  
than one t en th  of one percent. 

D. As a r e s u l t  of at least 76 supersolric f l i g h t s  ( including 

qp rox ima te lx  2300 complaints have 
The percentage of complaints per  c a p i t a  are less 
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APPENDIX NO. 2 

1 
SEISMOGRAPH DISCUSSION 

As can be seen from the  seismograph recordings i n  the  appendage, 
sonic boom cannot be detected by the ins t ruments  s i t u a t e d  at St. Louis 
University Technical I n s t i t u t e .  
noise,  quarry blasts, and earthquakes, 

I n  an explanation of the record ings  t o  a r ep resen ta t ive  of Clark, 
Buhr and Nexsen from personnel at St. Louis Universi ty ,  it w a s  pointed 
out  that the reason sonic  booms could n o t  be recorded by t h i s  seismo- 
graph w a s  due t o  two f a c t o r s ,  one being the  s e n s i t i v e n e s s  of the in- 
strument being too low for the high frequency booms, and the o the r  be- 
ing that the source was removed from t h e  earth. 
plosives  i n  the atmosphere can be detected on the  seimograph,  t h i s  is 
due t o  the extremely l a r g e  magnitude of t h e  explosion, 
have also been reported,  b u t  only on more s e n s i t i v e  instruments than 
the one at St. Louis University. 

The record ings  only show background 

Although nuclear  ex- 

Sonic booms 

Quarry b l a s t s  i n  some cases appear very  c lose  t o  sonic  boom times, 
but  persons experienced in reading t h e  data pointed out  that this de- 
v i a t ion  from the  normal has a d e f i n i t e  s igna tu re  which conforms t o  o the r  
quarry blasts. 

A 6  pointed out by personnel a t  St. Louis Universi ty ,  quarry b l a s t s  
are known t o  cause some s t r u c t u r a l  damage i n  the v i c i n i t y  of the  quar- 
ry blast. 
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â  16’ FOUNDATION V W T J  

ELLVATION ,‘-o“ 
TE5T UOU% *4 4301 S.C. IC- 5T. O K  

I 



STA'UCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 15 Of 30 
!PEST HOUSE NO. 4 IS of 51 

, 



, 

EAST ELEVATION 
5UaLli: '41 a I'-0' 

11'-2* I t  

6' STKEL w A R  

FIN. 

i 

Ai. 



d -e- 

PIN. 

f couc- 

I 

NOTE! 
ALL MEA5U&MENT5 VERIFIED W C S P T  THICKflC55 OF FWOR 5Ub. 
BEINFORCWENT A55LJ"ZO. 



STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A 2  
AS-BUILT DRAWINGS - SHEET 16 Of 30 
TEST HOUSE NO. 5 (1 of 4 )  



¶+C 

NORTU 

- , 
h - - I  

PLOT PLAN 



-& - - As.- ,A 

NOTE : woo0 n ~ 5 1  ALL ~ o a s 2 b (  CERAMIC T ~ L L  DATU WOX *Id 

I DOOR SCUEDULE I 

- - _  - _  



. . I _ " _ .  . ... . , -e - . - _- 

STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 17 Of 30 
TEST HOUSE NO. 5 (2 Of 4 )  . 

-i 

I 



C 



. 



STRUCTURAL RESPONSE TO SONIC BOOf4S - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 18 Of 30 
TEST HOUSE NO. 5 (3 of 4 )  



. I 
r. 

I 



9'. 1011-  _I 

I --t- ~ - - -  . 
U 1 

. 



........ . . . . . . . . .  .. . . . . . . . .  . ~ .  ,”.”.., ......... . . . . . . .  -e. __ --. -.I - -  .-. --.-,- - -- ----------.r&- 

STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRANINGS - SHEET 19 of 30 
TEST HOUSE NO. 5 ( 4  of 4 )  

. .  

i 

. .  



6 b .I 

I 
1 



n 

.L 
I 
y NORTH 

G,GT. PROGRAY 
TRUCTURE T E 5 T  5 

d 



.. . ... . . - 

STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 20 Of 30 
TEST HOUSE NO. 6 (1 of 1)  ' 

. 

I 



h. 1 -  . .& 
, 

. 

I c 
I 
: 

I- 
I 

i 
I 

I 
L 

- .  



I WINDOW 5CUfDULE 1 

-- - -- -- - - -  - 
?\Id 



STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A 2  
AS-BUILT DRAWINGS - SHEET 21 Of 30 
TEST HOUSE NO. 7 (1 of 1)  

i . . .  

. 



\ 
b 

% 
i 

d 
f 

L 2G'-4.  

I I 
8' - 4' IC'. I.'+. , IQO'l 

I 



1. 

N 
I 



.. . .  

STRVCTllRAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 22 Of 30 
TEST HOUSE 10. 8 (1 of 1) 

c 

I 

. .  

1 

t 

I 

. 



L 

a 

. .  . .  
16'. G '4' I 

57.'- 2'4' 

L I  

t 

. 
- .  



ROOM FIN15CI SCHEDULE 

NOTE: 
W I N D O W  D I M C N S I O N I  A R L  I M S I D L  J A M D  T O  JAM- 4 
H6AD TO 51LL. *El? PLAN FOR CIAGT O;H. 



STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 23 Of 30 
TEST HOUSE NO. 9 (1 of 3) . 

I 

... . . . . . Y . .,X - . . -  ?*A- 

d 





I 

PLOT PLAN 
~ c u :  I"S'lO'-d 



- - . ... . - .- . . 

STRUCTURAL RESPOPiSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 24 Of 30 
TEST HOUSE NO. 9 ( 2  of 3) 

d 
i 

. 



I L 

. - . .. . . i 

-.,,, 

\ 

c 



4 -  
-1- t m1-- -- 

-- 



STRUCTURAL RESPO2SE TO SOlVIC BOOMS - APPENDIX A 2  
/&-BUILT DRAWI!?GS - SHEST 25 Of 30 
TEST HOUSE NO. 9 (3  of .31 

I 



E 

I 

i”‘ 



@ DETAIL_ 

@DETAIL 

- - &----I 



STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 26 Of 30 
!EST HOUSE NO. 20 (1  of 31 . 



a 

n 



. 

I 

MING PLAN 

PLOT PLAN 1 
E4 GChU: I'rQO' 



. . - . .. . . - -  ab. .- -. * . . . %% . . ~ 

STRUCTURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 27 Of 30 
TEST HOUSE NO. 10 (2 Of 3) 



1 I 



7 

" 

3 0 R  PLAU 

d 



1) , 

STRUC!TURAL RESPONSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 28 Of 30 
!TEST HOUSE NO. 70 (3 Of 3) 



b 

i 
i 

1 I 



I------ 

* 

c 

b 
PLAN 



, 8 
I 

i 

... 

i 

d :  

STRUCPURAL RESporJSE TO SONIC BOWS - APPENDIX A2 
AS-BUILT DRAVINCS - SHEET 29 Of 30 
TEST HOUSE NO. 11 (1 of 2) 





* .  . ”. .~ 

1 e- d 
1 

ac.. TYPICAL OVERHANG @ 

! 
I 
I 

I 

10.0 

GJ5, t 

PLOT PLAN 
+zALS:-l’r 40’-0“ 



B 
. 

_ _  . . - -  

STRUCTURAL RESPOPJSE TO SONIC BOOMS - APPENDIX A2 
AS-BUILT DRAWINGS - SHEET 30 Of 30 
TEST HOUSE NO. 11 (2 of 2) 

.~ :1 *.. .. A . . . . . . . . . . ._ , 



DOOR GCHEDULE WINDOW GCHEDCILE 
i 

i 

i 
P 

i 



YINDOW 5CHEDLILE 
3 

i 

N 

i 



. ~. . . . . . .-.-̂ --..I. - . . ...... e4 . . . ____ . . . ... -eu.. ~ .. __ - .- . 

S ! T X U C m L  RESPONSE TO SONIC ~~ APPERDIX A3 
26 Pages - 13 Sheet8 

TYPICAL 

INITIAL 

AND 

FINAL INSPECTION REPORT 

(Combined f o r  comparison purposes) 
January and November, 1964 

1. 

2. 

3. 

4. 

Test House No. 3 
1524 Northeast 34th S t r e e t  

Oklahoma Ci ty ,  Oklahoma 

NOTES 

Items with the number of the item enclosed with parenthesis  were reported on the 
i n i t i a l  inspect ion and were found unchanged i n  the  f i n a l  inspection. 

Items marked with an * a r e  defects t h a t  have changed s i n c e  the i n i t i a l  inspec- 
t i on .  Each i t e m  must be read t o  a sce r t a in  whether i t  i s  an extension of an 
e x i s t i n g  crack, a repair ,  etc. 
closed i n  parenthesis indicat ing t h a t  the enclosed po r t ion  has not changed s i n c e  
the  i n i t i a l  inspection. 

Also, portions of the desc r ip t ion  may be en- 

A l l  items not  noted as items 1 and 2 above a r e  de fec t s  t h a t  have appeared s i n c e  
the i n i t i a l  inspection. 

Total  numbers of defects  do not  necessar i ly  agree with t o t a l  numbers tabulated 
o r  charted as monthly o r  weekly summaries. 
d i f f e r e n t  persons under d i f f e r e n t  conditions than the d a i l y  and/or t h r i c e  
weekly inspections which are the b a s i s  f o r  the summaries. 

These inspect ions were conducted by 

-1- 



STRUCTURAL RESPONSE TO som BOOMS APPENDIX A3 

AREA 4 - LIVING ROOM: 
North Wa 11 : 

1. 1 loose n a i l  

2. 1 loose n a i l  16" above f loo r ,  381fi" e a s t  of west wall. 

3. 

below c e i l i n g  and 30" eas t  of west wall. 

1 loose n a i l  22" below ce i l i ng ,  6'3" e a s t  of west wall. 

4. 

5. 

6 .  1 loose n a i l  49" above f loo r ,  13'' west of thermostat. 

1 loose n a i l  22" below c e i l i n g ,  8'14'' e a s t  of west w a l l .  

2 loose n a i l s  11%" and 224" above f loo r ,  8@34'' e a s t  of west wall. 

7. One v e r t i c a l  crack a t  west edge of g l a s s  screen, open from lower west 

jamb t o  floor. 

One diagonal crack 3/8" long a t  top west corner of g l a s s  screen, 

1 loose n a i l  14" below c e i l i n g ,  174" west of e a s t  end of wall. 

1 horizontal  crack a t  top of wa l l  along ce i l i ng ,  13'3" long, s t a r t i n g  38%" 

8. 

9. 

10. 

e a s t  of west w a l l .  

2 loose na i l s  7 ' 5 "  e a s t  of northwest corner - 12'' and 24" above f loor .  11. 

(12.) Baseboard loose along e n t i r e  wall. 

(13.) In t e r sec t ion  of gypboard and wood paneling open a t  west corner of decorative 

screen and planter .  

(14.) 3/8" long 45' crack a t  top of west corner of decorative screen. 

West Wall: 

(1.) Wood paneling - shrinkage crack 1/16" a t  top. 

(2.) Wood paneling - v e r t i c a l  j o i n t s  open e n t i r e  wall  above mantel. 

(3 . )  Horizontal crack a t  top of mantel and b u t t  j o i n t  of wood panels. 

(4.) Horizontal crack a t  s p l i c e  between 1 x 8 and 1 x 2 on top of mantel 484" 

long s t a r t i n g  29k" north of south wall. 

(5.) Same crack a s  in 4 above a t  north end of mantel 5-1/8" long s t a r t i n g  a t  

north w a  1 1, 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

Top and face of mantel ill f i t t e d  a t  north wall. 

1 x 8 mantel top s p l i t  a t  (2) places on north end where it is nafled. 

Loose n a i l s  protruding out of bottom face of paneling i n  the 8 th  and 10th 

b;ar& fro-, t h e  nsrt!: - s l l  qpprovi,ptely 1" a_bnvP mantel. 

boards a r e  s p l i t  from the n a i l  locat ion t o  the bottom of the boards. 

Shrinkage cracks a t  northwest corner of room from f l o o r  t o  ce i l i ng ,  where 

paneling b u t t s  gypboard. 

South end of north bookcase pulled away from f i r e p l a c e  stone. 

is 25" long s t a r t i n g  3/16"wide a t  the bottom and s tops a t  top. 

Four pieces of stone loose a t  upper r i g h t  hand corner of ledge stone a t  

f i r ep lace .  

Loose and missing mortar a t  top of upper l e f t  hand corner of f f replace.  

Horizontal  mortar crack a t  south end of l i n t e l  over f i replace.  

runs south t o  the end of the stone work and drops down 2" a t  end of ffrst 

stone. 

Shrinkage crack around ends and bottom of second piece of stone i n  bottom 

course from south end of wall. 

1/16'? open crack. 

These same 

The crack 

This crack 

South Wall: 

(1.) Wood paneled v e r t i c a l  j o i n t s  opened up i n  general  e n t i r e  wall  - shrinkage 

cracks - none exceed 1/8" wide. 

(2.) 2" long v e r t i c a l  crack at: west head of Window No. 5 i n  wood panel. 

(3.) 10" long repaired s p l i t  i n  face board a t  head of Window No. 5 a t  west end, 

(4.) Door No. 2 head casing opened a t  west miter j o i n t .  

(5.) S l i g h t  shrinkage cracks around e n t i r e  perimeter of Window No. 5. 

(6.) Baseboard loose and open a t  mitered j o l n t s  aiong e n t i r e  wail. 

E a s t  Wall: 

(1.) Southeast corner - s l i g h t  v e r t i c a l  shrinkage crack f l o o r  t o  ce i l i ng .  

-3 - 



STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

*2. In te rmi t ten t  v e r t i c a l  cracks a t  panel j o i n t  94-314" north of southeast  

corner have connected and now extend from f l s s r  t o  c e i l i n g .  

Shrinkage crack 8" south of south cor r idor  opening jamb continuous f l o o r  

t o  ce i l i ng  except 1 area  44" long located 344" above f i n i s h  f loo r .  

(4.) Shrinkage crack 13-5/8" long from south head of cased cor r idor  opening t o  

ce i 1 ing t r im. 

*3. 

(5.) Baseboard loose along e n t i r e  wall. 

(6.) Heating r e g i s t e r  bent i n  south sect ion.  

Ce i 1Lng : 

1. 107 loose n a i l s  i n  cef l ing.  ( t o t a l )  

2. One east-west crack, 7%" long, 48" south of north wal l  and 60" e a s t  of  west 

wall. 

One east-west crack, 15'l long, 48" south of north wal l  and 6'9" e a s t  of west 

wall .  

One east-west crack, 4" long, 48" west of e a s t  wal l  and 70" north of south 

wall. 

One north-south crack, 8" long, 15" west of e a s t  wal l  and 9'3'' nor th  of 

south wall. This crack in t e r sec t s  a t  south end, one 1'3" long, east-west 

crack, 

The p a r t i a l l y  repaired 8-5/8" crack s t a r t i n g  a t  west wal l  and 70" south of 

north wall has extended 1-518". 

3. 

4. 

5. 

6. 

(7.) Water s t a ins  and s l i g h t  cracks i n  paper i n  an a rea  3" wide and 14" long 

located 14" north of south wall  and 17" e a s t  of west wall .  

(8.) In te rsec t ion  of ce i l i ng  and north wal l  - 23-1/2" ho r i zon ta l  crack. s t a r t i n g  

a t  the  west wall has extended 4-3/4", 

The horizontal  crack which s t a r t s  1-7/8" west of w e s t  jamb of t he  decorat ive 

screen and runs 57-112'' e a s t  has extended 1'' west. 

* 9 ,  

c 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

AREA 1 - NORTH ENTRY AREA: 

East Wall: 

(1.) Shrinkage cracks around Door No. 12 casings of en t ry  c lose t .  

(2 . )  ShrF&=ge F _ ~ = P _ G  l.3-7!81t long from_ soilth head of Door N o .  12 casing t o  

ce 11 ing . 
(3 . )  One v e r t i c a l  shrinkage crack 8h1* long s t a r t i n g  a t  north jamb of Entry 

Closet N o .  12 and one v e r t f c a l  crack 1%'' long s t a r t i n g  a t  c e i l i n g  t r i m  

above north jamb of Door No. 8. 

(4.) Northeast corner - a l i g h t  shrinkage crack from f l o o r  t o  c e i l i n g ,  p a r t i a l l y  

bridged with pa in t  . 
North Wall : 

(1.) Shrinkage crack 14" long from top of cas ing  of Door No. 1 a t  west edge of 

Side Light No, 1 up t o  c e i l i n g  t r i m .  

(2.) West jamb of north Door No. 1 s p l i t  top t o  bottom. 

Ce Fling : 

(1.) One c e i l i n g  crack 3 /4"  long s t a r t i n g  2" from north wal l  and 30%" west of 

e a s t  wall. 

(2.) One ce i l i ng  crack 3/8" long 14f" west of e a s t  wall, 1" south of north wall. 

(3.) Cei l ing crack p a r t i a l l y  repaired 1" long, 47" west of e a s t  wal l ,  11h" south 

of north wall. 

4. 27 loose n a i l s  i n  ce i l ing .  ( t o  t a  1) 

5 .  Horizontal crack a t  in te rsec t ion  of c e i l i n g  and west f a l s e  beam, continuous 

from north t o  south end. 

6. 6 loose n a i l s  e a s t  face of f a l s e  beam. 

7 .  1 hor izonta i  crack, ik:: long s t a r t i n g  at cmrth wal l  on e a s t  face of felse 

beam$ 11'' below ce l l fng .  i 

-5 - 



STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

FALSE BEAM BETWEEN ENTRY AREA 1 AND KITCHEN AREA 3: 

(la) One v e r t i c a l  crack 2" long a t  bottom of r e g i s t e r  4&" from north end of 

r eg i s t e r .  

(2 . )  One 45' crack 2%'' long a t  south bottom corner of r e g i s t e r .  

(3.) One v e r t i c a l  crack 1-5/8" long a t  top south corner of r e g i s t e r .  

(4.) One 45" crack 1" long a t  top north corner of r e g i s t e r .  

(5.)  One small hole  in  gypboard a t  nailhead a t  south edge of r e g i s t e r .  

SOFFIT OF FALSE BEAM: 

1. 2 loose n a i l s .  

PLANTER AT NORTHWEST CORNER OF ENTRYWAY AREA 1: 

(1.) Ver t ica l  and hor izonta l  shrinkage cracks where p lan ter  abuts north wall. 

AREA 3 - DINING: 

East  Wall: 

(1.) Plan ter  - 4" long crack a t  both s i d e s  a t  bottom of door. 

(2.) Northeast corner - wallpaper wrinkled a t  14", 16" and 36" below the ce i l i ng .  

*3. (Soff i t  of f a l s e  beam around ductwork a t  southeast  corner - four s h o r t  

e r r a t i c  cracks from one t o  th ree  inches long i n t e r s e c t i n g  each other  a t  

various angles . )  Also 1 diagonal  crack b" long a t  the inside corner. 

(4.) Southeast corner of  area a t  s tud  wal l  above decorat ive g l a s s  screen - 
one forked crack 2" long. 

(5.) A t  head of e a s t  casing of decorat ive g l a s s  screen - one v e r t i c a l  crack 2&'' 

long. 

(6.) Top south corner a t  e a s t  end of Kitchen cabinet  - wood broken wedge-shaped 

from top where nai led 3" long. 

7 .  One v e r t i c a l  crack - 1" long - extending up from north end of f a l s e  beam. 

North Wa 11: 

1. One v e r t i c a l  crack, 2%'' long extending up from west head of Window No, 2. 

1 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

Ceiling: 

1. 19 loose n a i l s .  ( t o t a l )  

2. Several  small  a r eas  of pa in t  b l i s t e r s  located i n  an a rea  s t a r t i n g  a t  the 

no r th  wall, 4'  lciig and 1' v i d c ,  bcginzing ~ t -  the northeast corner. 

AREA 2 - KITCHEN: 

West Wall: 

1. One hor izonta l  crack 15" long a t  c e i l i n g  of window recess  s t a r t i n g  3" 

north of cabinets.  

(2. ) Wall-hung cabinets  general ly  in good condition. 

(3.1 Second door from south end has a 3" v e r t i c a l  crack 4-3/4" from bottom of 

south edge. 

(4.) One 3" long 45' crack a t  bottom south corner of Window No. 4 si l l .  

(5.) One 3" v e r t i c a l  crack a t  south head of Window No. 4 turning west and 

running 4" hor izonta l  across  window recess. 

Northwest corner a t  Window No. 3( fur r ing  a t  head - one 2%" v e r t i c a l  crack -) 

1%" 

(7 . )  Northwest i n s ide  corner of furr ing above cabinets has one hor izonta l  crack 

*6. 

crack s t a r t i n g  a t  bottom of sill hes extended 2%". 

s t a r t i n g  i n  corner and running north on s o f f i t  3-3/4". 

North Wall : 

(1.) Northwest Window No. 3 head a t  top corner of east jamb - one 45' crack 2" 

long turning a t  corner and running horizontal  3-1/4" t o  Window No. 3. 

(2.) A t  bottom east corner of Window No. 3 a t  s i l l  - one v e r t i c a l  crack 5%'' long 

s t a r t i n g  a t  bottom of s i l l  and located 3/4" e a s t  of Window No. 3 jamb. 

One hor izonta l  crack 14" long a t  c e i l i n g  and window recess ,  s t a r t i n g  above 

e a s t  jamb of Window No. 3. 

One v e r t i c a l  crack 3%" long located 23" e a s t  of west w a l l  a t  top of Formica 

p lan ter .  

3. 

4. 



STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

(5.) North wall-hung cabinets i n  good condi t ion with t i g h t  j o i n t s .  

( 6 . )  Wallpaper i l l - f i t t i n g  a t  end of blacksplash a t  e a s t  end of cabinets ,  Also, 

7 paper i l l - f i t t i n g  leaving open crack 8%'' long a t  top of wall-hung cabinet.  

(7.)  North Window No. 2 - wallpaper i l l - f i t t i n g  a t  both jambs and top of wlndow, 

leaving cracks and jagged edges. 

(8 . )  Shrinkage cracks around e n t i r e  Window No. 2. 

South Wall: 

(1.) Wood molding a t  head of cabinet  pulled away from fur r ing  above f u l l  length 

of cabinet. 

(2.) Wall-hung cabinets  along south wall have good t i g h t  j o i n t s  we l l  f i l l e d  

with a few mLnor shrinkage cracks.  

(3.) Sl ight  shrinkage cracks a t  wood recess  f o r  washing machine s t a t i o n .  

(4.) East and west ends of top of L u i l t - i n  cabinet around oven buckled and 

cracked. 

(5.) Southwest corner - one v e r t i c a l  crack 2" long s t a r t i n g  a t  top of blacksplash 

and one v e r t i c a l  crack 4" long s t a r t i n g  a t  bottom of cabinet.  

8 loose n a i l s  i n  immediate v i c i n i t y  of washing machine location. 

One horizontal  crack 4" long extending from top of e a s t  corner of washlng 

machine o u t l e t .  

One horizontal  crack extending west from top of e l e c t r i c  o u t l e t  4" then 

turning 90' and extending up 4". 
One v e r t i c a l  crack 1" long s t a r t i n g  2" above f l o o r  and 25" east of oven 

cabinet. 

One v e r t i c a l  crack 318" long s t a r t i n g  a t  baseboard, 25%" e a s t  of oven cabinet .  

6 .  

7.  

8 .  

9 .  

10. 

11. One v e r t i c a l  crack i" long s t a r t i n g  a t  baseboard and located 30" e a s t  of 

oven cabinet. 

-8- 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

12. One v e r t i c a l  crack 2%" long s t a r t i n g  a t  baseboard and 38-3/4" e a s t  of oven 

cabinet .  

One diagonal crack 3/8" long extending down from lower west corner of 

.,-ash~cg mzch<~..e n l i i m h i n o  recess. 

13. 

r ---- 

14. One ver tLca l  crack %'I long extending down from bottom of washing machine 

plumbing recess  and located 22" e a s t  of oven cabinet .  

One v e r t i c a l  crack 4%'' long extending down from bottom of washing machine 

plumbing recess  and 27" e a s t  of oven cabinet .  

One diagonal  crack 1" long across east bottom cover of washing m c h i n e  

plumbing recess .  

One v e r t i c a l  crack 1" long extending up from lower e a s t  corner of washing 

machine plumbing recess .  

One v e r t i c a l  crack 1" long 42" above f loo r ,  31" e a s t  of oven cabinet.  

15. 

16. 

17. 

18. 

AREA 12  - ENTRYWAY CLOAK CLOSET: 

(1.) Door warped ?gl' t o  the  west a t  top, but  w i l l  l a tch .  

AREA 5 - HALLWAY: 

West Wall: 

(1.) Shrinkage cracks around edge of cas ing  a t  cased opening. 

2. Two loose n a i l s .  

3. 

4. 

5.  One v e r t i c a l  crack 1" long in  southwest corner s t a r t i n g  14+" above f loor .  

6. 

7. 

8. 

9. 

One v e r t i c a l  crack i n  southwest corner 1" long s t a r t i n g  a t  baseboard. 

One v e r t i c a l  crack 1%" long i n  southwest corner,  s t a r t i n g  11" above f loor .  

One v e r t i c a l  crack 1-3/4" long i n  southwest corner s t a r t i n g  164" above f loor .  

One vertLca1 crack 6" long i n  southwest corner s t a r t i n g  18s" above f loor .  

One v e r t i c a l  crack io:: iong i n  soui'nwest c o m e r  s t a r t h g  25" above f l co r .  

One hor izonta l  crack s t a r t i n g  a t  south wal l  extending north lo', 374'' 

above f loor .  

I -9- 
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10. One v e r t i c a l  crack 16" long i n  southwest corner s t a r t i n g  38" above f loor .  

11. 

12. 

13. 

One v e r t i c a l  crack i n  northwest corner 9%1B long s t a r t i n g  211' above f loor .  

One v e r t i c a l  crack 19%" long i n  southwest corner s t a r t i n g  46%" above f loo r .  

One hor izonta l  crack a t  c e i l i n g  19" Long s t a r t i n g  14" south of north wall .  

3 

South Wall: 

1. 14 loose na i l s .  

2. 

I 

One v e r t i c a l  crack 2" long laU e a s t  of west wal l  s t a r t i n g  a t  west head of 

Door No. 9. 

3. 

4. 

One v e r t i c a l  crack 1" long 37" e a s t  of west w a l l  14" below cei l fng.  

One v e r t i c a l  crack 2" long 39%" eas t  of west wal l  13" below ce i l ing .  

5. One hor izonta l  crack 5" long 34" below c e i l i n g  69%" west of e a s t  wall. 

6. One hor izonta l  crack 14l' long 34#" below c e i l i n g  47'' west of eae t  wall. 

(7 . )  One .L" long hor izonta l  crack a t  west head of Door No. 9. 

(8.) Shrinkage cracks around perimeter of Heater Closet Door No. 9 casing, 

*9. 1" 45' crack a t  west head of Door No. 4 has extended *'I. 

(10.) Shrinkage cracks a t  perimeter of casing a t  Door No. 4 t o  South Bedroom 

No. 7. 

Ease Wall: 

(1.) One 2k" long hor izonta l  crack a t  south head of Door No. 5 t o  north Bedroom 

No. 6. 
i? 

i 
(2.) Shrinkage cracks around perimeter of Door No. 5 t o  nor th  Bedroom NO. 6. 

3. Three looae nails. 

4. One v e r t i c a l  crack 1" long s t a r t i n g  a t  baseboard and 1" north of Door No. 5. 

5 ,  

North Wall: 

1. Linen Closet  No. 14 - shrinkage cracks around perimeter of Door No, 11 t r i m .  

2. Shrinkage cracks around Door No. 6 casing t o  Bathroom No. 8.  

One horizontal  crack a t  c e i l i n g  2" long s t a r t i n g  a t  north wall. 

- 10- 
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STRUCTVRA L RESPONSE TO SONIC BOOMS APPENDIX A3 

(3.) Shrinkage cracks a t  perimeter of Door No. 7 casing. 

+&. 

5. 

6 .  

7. 

8 .  

9. 

10. 

11. 

12. 

The 1%" 45' crack a t  top west corner of Door No. 7 casing has excended 

* - > I *  t v I L l l  vlls ,,V1.LOV.I.UI brnnck 2" Lcng extending west. 

One v e r t i c a l  crack 1" long s t a r t i n g  a t  c e i l i n g  and northwest corner,  running 

t o  top of l inen c lose t .  

One diagonal crack lk t8  long extending up and west from top west corner of 

Door No. 14. 

One horizontal  crack a t  c e i l i n g  4" long s t a r t i n g  a t  e a s t  w a l l .  

One ho r i zon ta l  crack a t  ce i l i ng  5" long s t a r t i n g  15" west of e a s t  wall. 

One horizontal  crack a t  c e i l i n g  4" long s t a r t i n g  24&" west of e a s t  w a l l .  

One horizontal  crack a t  c e i l i n g  17" long s t a r t i n g  42" e a s t  of west w a l l .  

One v e r t i c a l  crack s t a r t i n g  1" below c e i l i n g  and 21" east of west wall. 

This crack extends t o  c e i l i n g  l i n e  and extends 1" out,  on face of ce i l i ng .  

2 loose na i l s .  

t 1 1 1 1 1  - -1*1- ^ ^ ^  L..-:",."+"l 

Ceiling : 

1. 20 loose na i l s .  

AREA 13 - HOT WATER HEATER ROOM: 

West Wall: 

(1.) Gypboard rough c u t  and torn a t  gas pipe entry.  

Cei l ing : 

(1.) Gypboard to rn  and ragged a t  present f l u e  location. A p r i o r  f lue  loca t ion  

has been crudely patched. 

North Wall: 

(1.) Gypboard torn where hot and coid p ipes  80 i n t o  xi%::. 

d - 11- 



STRUCTURAL RESPOIJSE TO SONIC BOOMS APPENDIX A 3 

AREA NO. 8 - BATHROOM: 
East Wall: 

1. 4 loose nai ls .  

2,  One v e r t i c a l  crack 1" long i n  southeast  corner s t a r t i n g  24%" above vani ty  

backsplash. 

3. One horizontal  crack a t  c e i l i n g  36" long s t a r t i n g  4" north of south wall ,  

4. One horizontal  crack a t  c e i l i n g  11&" long s t a r t i n g  27" south of north wall. 

5. One horizontal  crack a t  c e i l i n g  22h" long s t a r t i n g  1" south+of north wall. 

6. One v e r t i c a l  crack i n  northeast  corner 19" long s t a r t i n g  a t  top of ceramic 

t i l e .  

(7.)  Ceramic t i l e  wainscot a t  back of s t o o l  - shrinkage cracks a t  top back edge 

of bullnose. 

(8 . )  North end of vani ty  backsplash - shrinkage crack a t  corner and t i l e  grout 

missing i n  v e r t i c a l  j o i n t s  a t  end. 

(9.) Northeast corner - ceramic t i l e  cracked from toe of cove base a t  f l o o r  

t o  top of bullnose. 

North Wa 11: 

(1.) A t  e a s t  jamb of Window No. 12 t he re  is one 4" long v e r t i c a l  crack I" east 

of jamb s t a r t i n g  a t  bottom of s i l l .  

head of Window No. 12 jamb 45', 2'' long on wall and running horizontal  

3kl' north t o  Window No. 12 casing. 

There is also one crack a t  the e a s t  

(2.) Shrinkage cracks a t  both ends and back of Window No. 12  s i l l  with very 

s l i g h t  shrinkage cracks along east  and west ends of Window No, 12 casing. . 
(3.) Pointing mortar cracked and/or missing a t  top  and bottom j o i n t s  of bullnose 

cap a t  top of wainscot and turns  upward and continues around perimeter of 

shower and tub enclosure along the r e s t  of the nor th  wal l .  

c 

V 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A 3 

(4.) Sett lement and cracking of ceramic t i l e  cove base s t a r t i n g  a t  northeast  

corner of bathtub and running 12" east. 

(5 . )  Point ing mortar loose and/or missing around perimeter of tub. 

6. One v e r t i c a l  crack 3%;; Long s t a r t i n g  ar: cop v i  w i d 6 :  stool. at cant zriii of 

Window No. 12 and 20" west of east  wall. 

One v e r t i c a l  crack 5ktt long, 2" below c e i l i n g  25%" west of e a s t  w a l l .  7 .  

8 .  West head of Window No. 12 recess - cracked horizontal  from window jamb t o  

in s ide  face of w a l l ,  extending above on a 45' angle 24". 

One horizontal  crack a t  c e i l i n g  2" long s t a r t i n g  23%" west of e a s t  wall. 

One hor izonta l  crack a t  c e i l i n g  5%" long s t a r t i n g  35'' west of e a s t  wall. 

One hor izonta l  crack a t  c e i l i n g  4%" long s t a r t i n g  34" e a s t  of west wall. 

One v e r t i c a l  crack 8" long extending from top of bullnose cap t o  window 

s t o o l ,  30%" west of e a s t  wall. 

West Wall: 

(1.) Northwest corner - loose and cracked point ing mortar from top of tub t o  

t o p  of bullnose, 

bullnose running upward. 

9. 

10. 

11. 

12. 

A l s o  one 3%l' long v e r t i c a l  crack s t a r t i n g  a t  top of 

Polnting mortar cracked and/or missing a t  top 

and bottom of bullnose cap e n t i r e  width of wall. 

(2 . )  Point ing mortar missing a t  top of bathtub. 

( 3 . )  Southwest corner - point ing mortar cracked from top of tub t o  top of 

bullnose.  

(4.) V e r t i c a l  j o i n t  of bullnose a t  southeast  corner of tub - point ing mortar 

cracked v e r t i c a l l y ,  horizontal ly  and i n  some places missing from f loo r  t o  

top of bullnose. 

(5.) Southwest corner near door jamb - pointing mortar missing on v e r t i c a l  

j o i n t  from f l o o r  t o  top of bullnose cap. 

6.  2 loose n a i l s .  

-13- 



STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

7.  

8. 

9 .  

One v e r t i c a l  crack 171;" long i n  northwest corner s t a r t i n g  l?$l below c e i l i n g .  

One horizontal  crack a t  c e i l i n g  16%" long s t a r t i n g  7%'' north of south wall. 

One v e r t i c a l  crack 7" long i n  southwest corner s t a r t i n g  a t  top of bullnose.  

10. Ceramic t f l e  grout  broken from f i n i s h  f loo r  t o  top of wainscot a t  i n t e r -  

s e c t i o n  of bullnose jamb and west w a l l  (near Door No. 6). 

South Wall: 

(1.) Pointing mortar missing a t  top of tub. 

(2.) Shrinkage cracks along bottom of bullnose cap. 

( 3 . )  Shower head piping loose. 

( 4 . )  Shower c u r t a i n  rod loose. 

6.) A t  t r a n s i t i o n  a t  corner of low and high t i l e  wainscots - 2" x 2" quirk 

miter ceramic t i l e  f i t t L n g  loose. 

(6. ) A t  west head of Door No. 6 - one 24" long horfzontal  crack. 

6. Point ing mortar missing a t  j o i n t  between vani ty  f ron t  and ceramic t i l e  

wainscot, 

58. Door No. 6 (Jarped t o  the north a t  top? Loose damaged knob has been 

rep laced. 

9 .  4 loose na i l s .  

10. One horizontal  crack 2-3/4" long a t  t op  of ceramic t i l e  above tub and 29" 

e a s t  of west wall. 

Ce i 1 f nR : 

1. 12 loose n a i l s .  

2 .  One east-west crack 44" long located 44" north of eouth wall  and 4" e a s t  of 

west wall. 

One horizontal  crack extending e a s t  1" from eoutheast  corner of Heater Closet 

o f f s e t  wall. 

3. 

- 14- 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

AREA 7 - SOUTH BEDROOM: 

West Wall: 

1. 19 loose na i l s .  

(3.) Near north corner - two 2" long cracks a t  top of heat ing r e g i s t e r .  

(4.) One 1/4" long crack a t  top center of Closet  No. 10 l i g h t  switch. 

( 5 . )  Shrinkage cracks around pertmeter of Closet Door No. 10 casing. 

( 6 . )  Closet Door No. 10 d i f f i c u l t  t o  la tch.  

(7.) Baseboard loose a t  south end. 

South Wall: 

1. 19 loose na i l s .  

2. 

3. 

4. 

One hor izonta l  crack a t  ce i l ing  28" long s t a r t i n g  a t  west wall. 

One hor izonta l  crack a t  cef l ing 44" long s t a r t i n g  54" east of west wal l ,  

One v e r t i c a l  crack l ' l  long s t a r t i n g  1%" below c e i l i n g  and 1#lt west of 

east wall. 

5 .  

6 .  

One v e r t i c a l  crack 5" long in  southeast  corner s t a r t i n g  10" below ce i l i ng .  

One hor izonta l  crack 15k" long under s t o o l  of Window No. 6 s t a r t i n g  a t  

e a s t  wall. 

One v e r t i c a l  crack htt long extending down from Window Stool  No. 6 644l' west 7. 

of e a s t  wall .  

8 .  One diagonal crack 1" long extending down from Window S too l  No, 6 located 

70" west of e a s t  wall. 

9. One v e r t i c a l  crack 34" long a t  west jamb of Window No, 6 s t a r t i n g  

window s tool .  

above 

* 
Q 10. See sketch - west head of Window NO. 6. 131 \ 

-15- 



STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

11. One v e r t i c a l  crack 1" long s t a r t i n g  ac baseboard 47" e a s t  of west wall. 

12. One v e r t i c a l  crack 44" long s t s r t i n g  2" above f i n i s h  f l o o r  in southeast  

corner. 

One v e r t i c a l  crack 8" long s t a r t i n g  16%" above f i n i s h  f l o o r  i n  southeast  

corner. 

13. 

14. One v e r t i c a l  crack 4" long s t a r t i n g  26" above f i n i s h  f l o o r  i n  southeast  

corner. 

One v e r t i c a l  crack 3/4" long s t a r t i n g  46k1I above f i n i s h  f l o o r  i n  southeast  

corner. 

One v e r t i c a l  crack 18%'' long s t a r t i n g  494" above f i n i s h  f l o o r  i n  southeast  

corner.  

15. 

16. 

17. Window No. 6 has B.B. hole i n  west glass .  

(18.) Baseboard ill f i t t i n g  - up t o  1/8" wide gaps a t  top. 

(19.) One 1.);" long 45' crack a t  bottom of s i l l  a t  west jamb of Window No. 6. 

(20.) One 6" long horizontal  crack under s i l l  s t a r t i n g  1)4" e a s t  of west jamb of 

Window No. 6. 

*21. A t  west head of Window No. 6 there  are  sho r t  v e r t i c a l ,  hor izonta l  and 

diagonal cracks eminating from ins ide  corner:. 

from 4\l' t o  10-3/4" up the wall. 

This? cracks have extended 

(22.) Wood stop a t  west jamb of Window No, 6 broken 12h" below the  top. 

(23) One horizontal  crack 3" long 24-3/8" below head of Window No. 6 a t  west s lde.  

. 

(24.) Shrinkage cracks around perimeter of window stops and a t  ends and bottoms 

of si l ls  a t  Window No. 6. 

(25.)  Southeast corner - one 3/4" crack i n  s o f f i t  of Window No. 7 f u r r i n g  a t  head. 

East Wall: 

(1.) North head of Window No.. 7 - one 3%'' long v e r t i c a l  crack turning a t  corner 

and running 3%" horizontal  to window s t o p  a t  the east. 

-16- 



STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

(2.)  North s i l l  of Wfndow No. 7 - one 2" long v e r t f c a l  crack running downward 

from bottom of  s i l l  and one 3" long v e r t i c a l  crack running up from top of 

s i l l .  

%. The 5-3/&" h o r i z c n t a l  creck e t  hcttom of s i l l  of Window No. 7 has extended 

South 3-1/4". 

( 4 . )  One 2" long v e r t i c a l  crack s t a r t f n g  a t  baseboard and 29-3/4" north of 

southeast  corner. 

(5.)Wfndow s tops  around perimeter of Wfndow No. 7 and end of s f l l s  have s l i g h t  

shrfnkage cracks. 

(6.) Baseboard f11- f f t ted  along wall, many 1/8" wide gaps and poorly membered 

a t  south end. 

7 .  6 loose n a i l s .  

8. One v e r t f c a l  crack f n  southeast corner 29" long extendfng from baseboard 

t o  Wfndow s too l .  

9 .  One horfzontal  crack long s t a r t i n g  i n  southeast  corner under Wfndow 

S t o o l  No. 7.  

One v e r t f c a l  crack 1" long s t a r t f n g  a t  baseboard 58k" north of south wall. 

One v e r t i c a l  crack 1h1@ long s t a r t i n g  a t  baseboard 6311'' south of nor th  wall. 

One hor fzonta l  crack a t  cei l fng 54+" long s t a r t i n g  203f" north o f  south 

wal l .  

10. 

11. 

12. 

North Wall : 

(1.) New wallpaper recent ly  i n s t a l l e d  - poorly f i t t e d  v e r t i c a l  j o f n t s ,  poorly 

f f t t e d  a t  c e i l i n g  l fnes  and poorly f i t t e d  and ragged a t  door caefng. 

Cei l ing  : 

1. 7 2  loose na f l s .  

2 .  Two shor t  east-west cracks each l#" long located 2" and 4" e a s t  of west wal l  

and 64" and 65" south of north wall .  

-17- 



STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A 3 

3 .  

4 ,  

5 .  

One east-west crack 3%'' long 10" west of e a s t  wall 48" south of north wall. 

One 3/4" crack extending northwest from northwest corner of  l i g h t  f i x tu re .  

One north-south crack 1" long running north from souch wal l ,  57" e a s t  of 

west wall. 

AREA 10 - CLOSET: 

Rough, unf inished walls and cei l ing.  

AREA 6 - NOXTHEAST BEDROOM: 

West Wall: 

1. 21 loose na i l s .  

2. One v e r t i c a l  crack 1'' long located 144'' below c e i l i n g  and 58" south of 

north wall. 

One diagonal crack 1%'' long located 1" below c e i l i n g  49%" north of south 

wall. 

One Y-shaped horizontal  crack 1-314" long 15'' below c e i l i n g  extending eouth 

from south head of Door No. 5 .  

3.  

4. 

South Wall: 

1. 28 loose na i l s .  (10 reported on i n f t i a l  inspection) 

2, A s e r i e s  of v e r t i c a l  cracks - one 1%" long, one 44" long, and one l#'' long 

centered 27" below c e i l i n g  and 34" west of west jambs of Window No. 8. 

These cracks a re  along a s tud l i n e  where n a i l s  were omitted 8nd wa1L board 

is loose. 

One diagonal crack 1-1/8" long 1" below c e i l i n g  114'' wefit of east wall. 

One horizontal  crack 16-3/4" long s t a r t i n g  lO?r" west of e a s t  wall  a t  c e i l i n g .  

One v e r t i c a l  crack 1" long extending above from top of s i l l  a t  west jamb of 

Window No. 8. 

One horizontal  crack %" long extending west from s i l l  a t  west jamb of 

Window NO. 8. 

3 .  

4 .  

5 .  

6. 

- 18- 
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APPENDIX A 3  
1 

STRUCTURAL RESPONSE TO SONIC B#MS . -  
- .  (7 . )  One horizontal crack 3" long 5-1/4" above baseboard starting 10-1/211 east 

of west wall. 

One horizontal crack 3-1/4" long at west head of Window No. 8 turning 45' 

upward 6". 

One vertical crack 3-1/2" long starting at top of sill cn west Window No.. 

, *  

n -  
( 8 . )  

q = .  

* 

A. . ( 9 . )  

a -  8 return located 4-1/4" north of window frame. 
I -  

(10.) 

(11.) 

(12.) 

.. east wall. 

(13.) 

One 45' crack 1-1/8" long at bottom of west end of sills of Window No. 8. 

Southeast corner - one vertical crack 6" long starting at baseboard. 

6-112" long shrinkage crack at bottom of sill of Window No. 8 starting at 

, 

_ -  

, I  

. .  

Shrinkage cracks at entire perimeter of steel sash of Window No. 8. 
*- . North Wa 11 : 
.. 

(1.) Northwest corner - one vertical crack 8-1/2" long starting 5-112" below 
ceiling = one vertical crack 8'' long starting 20-1/2" below ceiling - one - -  

,_ 

. -  

.. A 

J 

I -  

. .  

. .- 
1 - -  

f L j  i 
.- 

vertical crack 21-3/4" long starting at the baseboard and one vertical 

crack 26-3/8" long starting 36-7/8" above the baseboard. 

At the west head of Window No. 11 there is one vertical crack 6-1/4" long 

turning horizontally 3-1/4" to the casing. 

m e  1-3/4" vertical crack starting 1/4" above west end of sill of Window 

No. 11 has extended 6l'. 

Vertically along cripple stud at west jamb of Window No. 11 from baseboard 

to sill .there is one vertical crack 3" long starting at baseboard, one 

vertical crack 1-1/2" starting 12-3/4" above baseboard, one vertical crack 

11-1/2" long starting 17" above the baseboard. 

There are horizontal shrinkage cracks along the bottom of Window No. 11 

entire length of sill. 

There is one vertical crack 13-1/8" long starting at baseboard in north- 

(2.) 

(3.) 

(4.) 

(5.) 

(6,) 
, .  

east corner. ._ 

I -19- 
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Northeast corner at soffit of Window No, 10 furring - one east-west 
horizontal crack 3-1/4" long located 4-1/2" south of window frame. 

There is one Y-shaped crack 2-1/2*' long located 4-1/4" west of east 

Window No. 10. 

31 loose nails. (Two were reported on the initial inspection.) 

One horizontal crack at ceiling 4'' long starting 10" east of west wall. 

One horizontal crack at ceiling 1'' long starting 14-3/4" east of west wall. 

One horizontal crack at ceiling 3-1/2" long starting 21" east of west wall. 

One vertical crack 8-1/2" long starting 3-3/4" below ceiling 70-1/2" we'st 

of east wall, 

East Wall: 

(1.) Shrinkage cracks at bottom of sill the entire length of Window No. 10 sill. 

(3.) 

One 1-1/4" long horizontal crack starting at bottom of south end of sill 

of Window No. 10. 

One 3-1/8" long horizontal crack at south head of Window No, 10 and extending 

45O 2" up on the face of the wall. 

Shrinkage cracks at sill and jamb of Window No. 9. 

Window No. 9 - at north head one horizontal crack 3-1/2" long turning 45' 

upward 3-1/2" on the wall. 

Shrinkage crack under sill of Window NO. 9 16-5/8" long starting at south 

wall. 

One horizontal crack in south soffit of Window No, 9 2-518'' long turning 

upwards in corner 3/8". 

Shrinkage cracks at north end of sill of Window No. 9. 

One horizontal crack 2-3/4" long 30-1/8" above sill on north jamb of 

Window No. 9. 

Two vertical cracks - one 3/4" long and one 1-1/2" long at bottom of jamb 
starting at the sill of Window No. 9. 

- 20- 
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(11.) One vertical crack 1-1/4" long starting at bottom of sill of Window No. 9 

20-1/2" north of south wall. 

12. 10 loose nails. 

13. 

14. 

One vertical crack 14" long in southeast corner starting 1" below ceiling, 

One diagonal crack 1-1/8" long starting 1/2" below ceiling 28'' north of 

I 
I 

south wall. 

One vertical crack 1" long 30" above floor 71" north of south wall. 15. 
I 

16. 

17. 

One vertical crack in northeast corner 15" long starting at ceiling. 

One vertical crack 4-3/4" long starting at ceiling 19-1/2" south of north 

wall. 

One vertical crack 1-3/4" long starting at ceiling 30" south of north wall, 

turning south at ceiling and running horizontal 4'l. 

One horizontal crack 2-1/4" long 1" below ceiling 33-1/2" south of north 

I 

I 
I 
I 

I 

18. 

19. 

wall , 

One horizontal crack at ceiling 6-1/2" long starting 7" north of south wall, 20. 

21. One horizontal crack at ceiling 22" long starting 22-1/2" north of eouth 

wall. 

One horizontal crack 16-1/2" long at ceiling starting 49-1/2" north of 22. 

south wall. 

Ceiling: 

1. 41 loose nails, 

2. One east-west crack 3-1/2" long 14" west of east wall 31-1/2" eouth of north 

wall , 

3. Three 3/4" diagonal cracks extending from northeast, southeaet and south- 

west corner of light fixture. 

AREA 9 - NORTHEAST BEDROOM CLOSET: 

(Sliding Doors No, 12 easily displaced, hanging loose with no guides on bottom,) 
I 

- 21- i 



STRUCTURAL RESPONSE TO SO??.: APPENDIX A3 

EXTERIOR : 

1'. Mortar cracks a t  eas t  and west ends of rowlock s i l l  of Window No, 12, The 

east end extends down 3 courses; a t  west end, extends down 2 c w r s e s ,  
! 

East Wall U t i l i t y  Room, Area 16: 

(1.) One s p l i t  board 8" long a t  head of Door No, 3 and one s p l i t  board 10'' 

long a t  bottom of door. 

Southwest corner f a sc i a  opened up. (2.) 

Exter ior  Brickwork: 

(1.) I n  general used, cracked, broken br ick,  l a i d  up with rough i r r e g u l a r  mortar 

j o i n t s .  

(2.) West s o f f i t  a t  f a sc i a  unnailed and hanging down south of chimney. 

(3.) South brick in west Window No, 4 s i l l  loose. Crack runs down 4", south 

4" and down 2" from t h i s  loose br ick.  

(4.) Window No. 4 s i l l  a t  northwest corner of Kitchen - e r r a t i c  breaks in 

cement wash. 

distance around these Windows Nos. 3 and 4. 

A t  bottom e a s t  corner of Bathroom Window No. 1 2  one head j o i n t  mortar 

missing. 

Window No. 11 s i l l  a t  Northeast Bedroom window poorly constructed with 

open j o i n t s  and broken brick.  

Window No, 9 s i l l  of Southeast Bedroom window poorly constructed with 

open j o i n t s  and broken brick.  

Window No. 8 s i l l  of southeast window i n  Southeast Bedroom poorly constructed 

with open j o i n t s ,  broken and missing br ick.  

Concrete stem wall  where v i s i b l e  on eouth s i d e  along Area 15 i e  broken i n  

several  places and marked with green penci l .  These breaks a r e  located as 

follows - one 11" from brick o f f s e t ,  one 28" from b r i ck  o f f s e t ,  one 58'' 

from o f f s e t ,  one 138" from o f f s e t ,  one 26'8" from o f f s e t  (from e a s t  o f f s e t ) .  

This e n t i r e  corner appears t o  have been repaired f o r  some 

( 5 . )  

( 6 , )  

(7.) 

(8.) 

(9.) 

- 22- 
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(10.) 

11. c 

. io  A x . .  

13. 

South Screen Door N o .  2 latch inoperative. 

Mortar separation between f i r s t  and second brick from north end of s i l l  

under Window No. 7 .  

?; ? I 1  vartica1 m y t a r  separation a t  north inside corner between chimney 

and west wall of house separation s t a r t s  a t  top  of w a l l .  

Isolated short mortar separations a t  random locations.  

I 
-23- 



4 

STRUCTURAL RESPONSE TO SOfJIC BOOMS APFEI"JDIX A3 

ELECTRICAL 

FINAL 

- 
- 

The only difference i n  the e l e c t r i c a l  equipment between i n i t i a l  and f i n s 1  

inspections was the r i g h t  r e a r  burner on the range had been repaired and was 

working properly. A l l  wiring and wiring devices were checked and found t o  be 

operat ing s a t i s f a c t o r i l y .  Lighting fixture.  d i f f u s e r s  were checked f o r  cracks 

and no v i s i b l e  cracks were found, 

INITIAL 

The e l e c t r i c a l  system cons i s t s  of a 3-wire overhead service t o  a 2" p i p e '  
s e rv i ce  pole near t h e  southwest corner of the f i r ep lace .  A conduit run extends 
from the service pole through the meter socket t o  a 2 pole, 3 wire, 60 amp.$ 
p u l l  fuse service switch. A 2 pole, 30 amp., s a fe ty  switch with 15 amp., plug 
fuse serves the  a i r  conditioning compressor located adjacent t o  the se rv ice  
pole. A 3-wire noa-metall ic sheathed cable extends from the service switch t o  
a Federal  E lec t r i c  Products Company 100 amp., 120/240 vo l t  d i s t r i b u t i o n  panel 
located i n  a Kitchen cupboard. The i n t e r i o r  wiring is i n  e l e c t r i c  m e t a l l i c  
tubing, metal o u t l e t  and junction boxes with tubing j o i s t s  and box connections 
made up with telescoping f i t t i n g s ;  connections t o  the recessed f i x t u r e s  a r e  
made up with f l e x i b l e  me ta l l i c  conduit (BX). Certain c i r c u i t s  a s  noted on the  
drawing a re  i n  non-metallic sheathed cable ,  

The e n t i r e  i n t e r i o r  wiring system was found t o  be i n  f a i r l y  good condition, 
however several  junct ion box covere were missing. 
conditioning compressor near the service pole and the control  wiring t o  the 
i n s i d e  un i t  a r e  not i n  good condition and may f a i l  during wet weather. 

The BX connection t o  the a i r  

The compressor u n i t  was not s t a r t e d  but the in s ide  a i r  conditioning u n i t  
f a n  operated properly as did the gas heating u n i t  and forced a i r  fan i n  the 
h e a t e r  section. 

A l l  receptacles and f i x t u r e s  were chacked and found t o  be working properly,  
A l l  f i x t u r e s  were i n  good condition. 

. 

* 

The f ix tu re s  i n  rooms 2 and 3 a r e  32 wat t  r i n g  t y p e  c e i l i n g  mounted 
f luorescent .  Those i n  rooms 1, 5 and 6 a r e  receaaed type with square glaes  
d i f f u s e r s  c e i l i n g  mounted. 
s h i e l d  center supported by a knurled knob on a metal etud. 

The bathroom bracket has a curved rectangular  glaee 

The front porch f i x t u r e  i s  a c e i l i n g  mounted square brase f i n i e h  frame with 
r i p p l e d  g l a s s  s ides  and bottom, 

The car port  bracket has glee8 s ides  and open bottom. The c l o s e t ,  room 10, 
hae a porcelain c e i l i n g  mounted lamp holder. . 

The garbage disposal  u n i t  operated properly as f a r  a8 could be determined. 

The oven burners operated properly but t he  r i g h t  r e a r  burner on the stove 
was burned out 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A3 

MECHANICAL 

FINAL - 
Inspect ion revealed no leaks i n  piping and no cracks i n  the plumbing 

f i x t u r e s .  

INITIAL 
. - -  

KITCHEN - AREA #2 

- Sink - 2 compartment, ledge type,  21 x 32 b u i l t - i n ,  with swing spout mixer 
valve - 8" centers .  No cracks, no leaks. 

. "  

Garbage Disposal - Right hand drain - G.E., i n  working order.  

Dishwasher - Frame only - machine has been removed. 

Hot TOP (Stove) - 4-burner G.E. 

- Oven - Electric, G.E., with automatic t i m e r .  

. I  

* -  

Rough-in f o r  automatic washer. No leaks - vented. 

WATER HEATER - AREA #13 

30-Gallon Fairway (Montgomery Ward), 30,000 BTU, 25.2 G a l .  Rec. 
No leaks.  Vent p ipe  disconnected i n  a t t ic .  

BATHROOM - AREA #8 

Lavatory - B u i l t  i n  18 x 21" with ledge mixer with pop-up waste. 
leaks,  no cracks. 

No 

.. 

- Stoo l  - U/R - One anchor b o l t  missing; two anchor caps missing, 
leaks,  no cracks. 

No 

- Tub - Unidentified,  Overrim - F i l l  d i v e r t e r  valve t o  shower grouting bad 
a t  ends i n  f ron t .  No cracks or  chips;  no dr ip .  9 

.. E4TING & AIR CONDITIONING 

Furnace - Area #11 - Southwest Mfg. Co. Model 802, 80,000 Btu i npu t ,  
thermostatic control .  R u s t  - heavy - from condensation. 

Cooling Co i l  i n s t a l l e d  above furnace. A separate  fan was i n s t a l l e d  t o  
blow i n t o  the c o i l  without affect ing the furnace. Return a i r  f o r  t h e  a i r  
corrditioning fan was drawn through a f i l t e r  i n  an opening i n  the box 
plenum which the furnace was mounted on. A condensate sump pump was 
i n s t a l l e d  i n  the R.A. plenum t o  receive the g rav i ty  drainage from the 
cooling c o i l  and pump the condensate t o  the outdoors. 

... 
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STRUCTURAL RESPOPiSE TO SONIC BOOMS A??E&'DIX A3 

The Condensate Unit air cooled, Tecumseh 3 HP; twin ccndenser fan.  Unit 
located in yard at southwest corner of house. Refrigerant lines go up 
and across attic and dcwn to coil. No insulation. 

Duct Insulation was in fair condition an supply, althcugh net up to 
standard for air conditioning. No insulation un return air piping. 

DUCTWORK 

A return air plenum for formed by a box stand for t h e  furnhce, covering 
the entire room. 
way of baseboard grilles. Other return air inlets are ccnnected by way 
of wall stud space - joist boxing in attic and round metal duct from 
joist box to joist box, 

A supply plenum extends from the furnace to a point above the ceiling 
in the attic. 
the furnace. The distribution piping was round metal pipe, installed 
from the plenum to the outlet locations. 

The above system appears to  have been installed as an afterthought with 
much to be desired in the way of design. 

The return air plenum for the air conditioning (by-pass) was constructed 
of loose panels of sheetrock which had to be removed for service o f  fan, 
pump, and A.C. filter. 

4 

The adjoining rocms open directly to this plenum by 

The cooling coil was installed in this plenum, just above 
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STRUCTURAL RESPOIISE TO SONIC BOOM APPEhJDIX A4 
34 Pages - 17 Sheets 

. . -  
FfONTIILY SUMMARIES OF INSPECTION FINDINGS 

ALL TEST HOUSES 

( I n  chronologica l  order :  February - October 1964) 

February -- Test Houses No. 1-4 
Piarch -- T e s t  Houses No. 1-4 
A p r i l  -- T e s t  Houses No. '1-4 
May -- T e s t  Houses No.  1-4 

June -- Test Houses No. 1-4 
-- Test IIouses No. 5-11 

J u l y  -- T e s t  Houses No. 1-4 
-- Test Houses No. 5-11 

August -- T e s t  Houses No. 1-4 
-- Test Houses No. 5-11 

September - T e s t  Houses No. 1-4 
- T e s t  Houses No. 5-11 

October -- Test Houses No. 1-4 
-- T e s t  Houses No. 5-11 

2 6 3  
4 6 5  
6 6 7  
8 6 9  

10 6 11 
12  

13 - 15 
16 6 17 

18 - 20 
21 ti 22 

23 - 25 
26 - 28 
29 - 31 
32 - 34 

I' 
.i* 
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APPENDIX A4 STRUCTURAL RESPONSE TO SONIC BOOMS 

SU?QlARY OF INSPECTION FINDINGS - FEBRUARY 1964 - PAGE 2 of 2 

T e s t  House No. 1 

2/22/64. 
B. Door and window g l a s s  panels  BB s h o t ,  s co red ,  and s t r e s s e d  p e r  l e t t e r  

2. ---- L w v  (2) va?? h x g  12" m f r r o r s  cracked - one i n  h a l l ,  one i n  SE bed- 
room. These mi r ro r s  have f ibe rboa rd  backs g lued  on g l a s s ,  and crack-  
i n g  occurred dur ing  n igh t .  May be due t o  thermal  a c t i o n .  Inves t iga -  
t i o n  i n  process .  

Test House No. 2 
B. Door and window g l a s s  panels BB s h o t ,  s co red ,  and s t r e s s e d  Per l e t te r  

2/22/64. 

C. Wall hung 12" mir ror  a t  top of s t a i r s  cracked. See Note 2 above. 

D. Grade around ou t s ide  of house showing s e t t l e m e n t .  

E. Grade a t  S.E. and N.E. corners  cont inuing  settlement. 

T e s t  House No. 3 
F. BB ho le  noted i n  each pane of g l a s s  i n  bottom row of l i v i n g  room 

window. Source unknown. 

F. BB h o l e  noted i n  window of south  w a l l ,  sou th  bedroom. Source unknown. 

T e s t  House No. 4 
G .  Glass d i f f u s e r  on c e i l i n g  l i g h t  f i x t u r e  i n  bedroom area 84  has  4-1/2" 

crack.  Nay be due t o  hea t  caused by l eav ing  l i g h t s  on du r ing  day. 
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19 
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Teat House No. 2 
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STRUCTURAL RESPOP/SE TO SONIC BOOMS APPENDIX A4 

SUMMARY OF INSPECTION F I N D I N G S  - MARCH 1964 - PAGE 2 of 2 

Test House No, 1 
A .  Two (2) wall-hung 12" mi r ro r s  replaced. 

B.  

C. hlc? crick Putensions around BB holes i n  window and p a t i o  door.  

Nai l  heads appear ing  under pa in t  c o a t  of var ious  gypsum board c e i l i n g s .  

T e s t  House N o .  2 
D.  General  ex tens ion  of e x i s t i n g  i n t e r i o r  p a i n t  c r acks  cont inues .  

E .  

F.  

G .  

H .  

I. 

J .  

K. 

L. 

M. 

N .  

0. 

P. 

One (1) wall-hung 12" mir ror  replaced. 

Screws hold ing  metal th re sho ld  s t r i p  a t  door from k i t chen  t o  garage are 
coming out  and threshold  is loose. 

Cracks around BB hole  i n  glass pane of main garage door have extended 
about 1/4". On March 13 cracks around BB ho le  i n  k i t c h e n  window 
appeared t o  have increased s l i g h t l y  (about 1/16"). 

As of March 17 the  pa in t  a t  every w a l l  j unc t ion  i n  t h i s  house w a s  
cracked, wi th  t h e  fol lowing exceptions: (1) NE corne r ,  c l o s e t  # la ;  
(2) E and W co rne r s  above cabine ts  i n  k i t chen ;  (3) I n t e r i o r  co rne r s  
of l i n e n  c l o s e t  #5A. 

Simulated p l a s t e r  pa in t  coa t ing  on c e i l i n g  of k i t c h e n  cont inues  ex- 
t ens ion  of h a i r l i n e  c racks  and f a i n t  d i s c o l o r a t i o n  cont inues .  

Sound on used TV set  downstairs is ou t .  

Water 1'' t o  2" deep s tanding  around f r o n t  of house.  Considerable  ex- 
t ens ion  of  c racks  and n a i l  heads noted.  

Sound on TV set downsta i r s  repa i red  by TV serviceman. 
socket  found i n  audio  c i r c u i t .  

D i r t y  tube 

Extension of h a i r l i n e  c e i l i n g  cracks i n  k i t chen  cont inues .  

C i r c u i t  b reake r s  found "OFF" a t  s t a r t  of i n spec t ion .  Cause unknown. 

P i l o t  l i g h t  ou t  on furnace.  Cause unknown. 

Considerable  ex tens ion  of cracks and n a i l  head appearances noted. 

T e s t  House N o .  3 
Q. Minor ex tens ion  of e x i s t i n g  h a i r l i n e  c racks  i n  k i t chen ,  hallway, and 

bathroom noted. 

R.  Severa l  new n a i l  head appearances noted. 

S. Pa in t  coa t  on gypsum board c e i l i n g  noted t o  be pee l ing  i n  k i tchen  anL 
d i n i n g  a r e a .  

T e s t  House No. 4 
T. New n a i l  head appearances noted. 

U. Extension of va r ious  h a i r l i n e  c racks  i n  p a i n t  coat noted. 
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STRUCTURAL RESPOP/SE TO SONIC BOOMS APPENDIX A4 

, . 
a 

SUW4ARY OF INSPECTION FINDINGS - APRIL 1964 - PAGE 2 Of 2 

General 
A.  New n a i l  head appearances through p a i n t  c o a t s  on gypsum board walls 

and c e i l i n g s  of a l l  houses cont inue sporad ica l ly .  

Extensions of e x i s t i n g  (and appearance of some new) h a i r l i n e  c racks  i n  
pai-ir: coats  0:: gyps== hnsrd wells and c e i l i n g s  of a l l  houses cont inue  
sporad ica l ly .  

B. 

T e s t  House No. 1 
C.  Some se t t l emen t  of grade ev ident  around NE corner  area. 

D.  F.A.A. ca rpen te r  added wood b locking  t o  frame around g l a s s  p a t i o  door  
t o  improve s t r a i n  gage readings on g l a s s  panel .  

E. Small  new crack  (1-f." long) in  w a l l  t i l e  above l ava to ry  i n  bathroom. 

F. One new, small c rack  on south e x t e r i o r  a t  seam j o i n t  of b r i ck  and 
frame s i d i n g  below mailbox; ano the r  nearby on south e x t e r i o r  j u s t  w e s t  
of window 62. 

Teat House No. 2 
G. Sound on used TV set  downstairs  is o u t  aga in .  

H. Kitchen window ( top  h a l f ,  lower pane) broken by ADT i n s t a l l a t i o n  
mechanic. 

I. H a i r l i n e  c rack  ex tens ion  (16" long) i n  SE corner  of t i l e  i n  u p s t a i r s  
bath.  

J.  S l i g h t  (1") crack  ex tens ion  from BB h o l e  i n  k i t chen  window. 

K. Wood block between turnbuckle  and g l a s s  of garage door f e l l  ou t .  

Tes t  House No. 3 
L. A t  11:30 A.M., used TV set shor t ed  out  and t r ipped  c i r c u i t  breaker .  

M. Pain t  c o a t  on gypsum board c e i l i n g  i n  k i t c h e n  and d i n i n g  area con- 
t i n u e s  t o  peel. 

N .  ADT i n s t a l l a t i o n  made. 

Tes t  House No. 4 
0. P ic tu re  on used TV set is on and o f f .  

P. 

Q .  ADT i n s t a l l a t i o n  made. 

Sewer backing up through d r a i n  of u t i l i t y  room. 

R. P i c tu re  ou t  on used TV set. 

S. Small (1") crack  a t  edge of  window #6 i n  NE bedroom oppos i te  screw-eye 
i n  frame. Screw-eye i n s t a l l e d  by ADT mechanic dur ing  ADT i n s t a l l a t i o n .  

-7- 



-et- 'A 

STRUCTURAL RESPONSE TO SONIC BOOt4S APPEPIDIX Ad 

-8- 



STRUCTURAL RESPOUSE TO SOlvIC BOOMS APPENDIX A4 

& - -  

. . -  

1 

.._ 

SUFN\RY OF INSPECTIO:? FINDINGS - MAY 1964 - PAGE 2 of 2 

Ce ne r a 1 
A. 

E. 

New n a i l  head appearances through p a i n t  coa t s  on gypsum board wa l l s  and 
c e i l i n g s  of a l l  houses continue sporad ica l ly .  
Extensions of e x i s t i n g  (and appearance of some new) h a i r l i n e  c racks  i n  
p a i n t  c o a t s  on gypsum board wal l s  and c e i l i n g s  of a l l  houses con t inue  
s p o r a d i c a l l y  , 

I I Te;;.House Yo. 1 
Lower l e f t  hand pane of east window (window #5) of n o r t h e a s t  bedroom 
broken fro:.n i n s i d e  between 11:45 A.N. and 12:OS Po% ( lunch pe r iod ) .  - 

D. V e r t i c a l  hold on new TV set p i c t u r e  (? Channel 5) l o s t  a t  tine of  boom 
from tes t  f l i g h t  1 7 .  
normal p i c t u r e .  

Broken pane of window !I5 replaced. 

Simple adjustment of v e r t i c a l  ho ld  c o n t r o l  r e s t o r e d  

E. Cracks around BU hole  i n  west window of l i v in r ,  room extending  s l i g h t l v .  
'b . 
F. P i l o t  l i g h t  on gas furnace out. Cause unknovn. 
G. Front  s c reen  slammed a t  1400 hours  and n a r t  a f  t he  e a s t  s i d e  of f r o n t  

door frame came loose ,  Appeared t o  have been p rev ious lv  forced open 
and n a i l e d  back. 

Test House 30. 2 
H. Owner of house i n s t a l l e d  screen on window of downstairs  bath.  Other  

I. Crack from BB hole  i n  ki tchen window extended 1/2". 
J. Crack from R B  ho le  i n  ki tchen window extended 1/8". 
K. Garage f looded from r a i n  s tom of preceding n igh t .  
L. V e r t i c a l  c rack  from burg la r  alarm a t  N wal l  E of t he  ?Ji? corner  of t h e  

screens  t o  be i n s t a l l e d  l a t e r .  

house extended 1" i n t o  b r i ck  above it .  Severa l  b r i c k s  on S'zl c o r n e r  
showing c rzcks  from s e t t l i n g .  

>!, Turned on "surnner switch" of c e n t r a l  hea t ing  system. Fan runs cont inu-  

N. Sorind on used TV s e t  downstairs cont inues t o  be f a u l t y .  
0. Plas t ic  t r i m  on shadowbox mirror  i n  l i v i n g  room i s  "checking". 
P. Ceneral  l i s h t  r a i n  t h i s  date.  idater s tanding  along f r o n t  of house. 

ouslv.  

I 
Test :louse Nc. 3 
2. P a i n t  p e e l i n g  (previous ly  reported)  cont inuing  i n  t h ree  a reas  of l i v i n g  

R. Used TV se t  re turned  from reDair shop. See Apr i l  5 repor t .  
S .  

T. Pa in t  p e e l i n g  (previous ly  reported) cont inuing  on c e i l i n g  of k i t chen .  

room cei l inR. 

P a i n t  p e e l i n g  (previous ly  reported)  cont inuing  i n  t h r e e  areas of d i n i n g  
a r e a  c e i l i n g .  

T e s t  House 30. 4 
Upper pane of storm window on n o r t h  window of k i t chen  found broken t h i s  
4.41. Cause a t t r i b u t e d  t o  severe r a i n  and wind s torm i n  area dur ing  
previous  n igh t .  

Broken g l a s s  of s torm window replaced  t h i s  date .  

booms.) 

ua . 
V. Used TV set  r epa i r ed  by se rv ice  man. See Apr i l  5 and 17 r epor t .  

'bo 
W. Handle of soap d i s h  above bathtub broken acc iden ta l ly .  (By people ,  n o t  I 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A4 

SUMMARY OF INSPECTION FINDINGS - J U N E  1964 - PAGE 2 of 2 

General  
A .  N e w  n a i l  head appearances through p a i n t  c o a t s  on the  gypsum board wa l l s  

and c e i l i n g s  of a l l  houses cont inue s p o r a d i c a l l y .  
n .  Extensions of e x i s t i n g  (and appearance of some new) h a i r l i n e  c racks  i n  

p a i n t  coa t s  on gypsum board w a l l s  and c e i l i n g s  of a l l  houses appear 
spo rad ica i iy  . 

Test House No. 1 
C.  Crack i n  west s i d e  of wood framing of  b u i l t - i n  oven. 
D. China hutch doors  opened f o r  1320 f l i g h t .  

appears  t o  be a func t ion  of t h e  degree of f l a t n e s s  of t h e  base.  
E. House and yard sprayed wi th  chlorodane i n s e c t  k i l l c r .  
F. E x t e r i o r  - Nasonry c rack  on e a s t  s i d e  a t  sou theas t  co rne r .  Crack s t a r t s  

on l e v e l  wi th  b r i c k  window ledge and ex tends  down 3". 
G.  E x t e r i o r  - Crack a t  i n t e r s e c t i o n  of wood wi th  top b r i c k  t r i m  extended a t  

co rne r  of f r o n t  en t rance .  
H.  E x t e r i o r  - Outside top framing of p a t i o  door developed cracks  along e a s t  

s i d e  and c e n t e r .  
I .  Personnel  removed c a b l e s  from a t t i c .  Considerable  i n c r e a s e  noted i n  new 

n a i l  head appearances on c e i l i n g s .  

Some movement i n  c r y s t a l  stems 

Tes t  House No. 2 

Ja. 2" t i l e  grout  c rack  ex tens ion  - NE co rne r  of ba th  No. 5. 
Jb. 1 /4"  t i l e  grout  c rack  ex tens ion  - NE co rne r  of ba th  No. 5. 
Jc. 2" t i l e  grout  c rack  ex tens ion  - NE co rne r  of ba th  No. 5.  
J d.  

K. 
L. 
M . 
N. 

0. 
P .  
Q. 

T i l e  g rout  crack ex tens ion  - NE co rne r  of ba th  N o .  5 24" up from previous 
bottom mark and 5" down from previous  upper mark. 
TV i n  ope ra t ion  f o r  approximately 35 minutes wi th  cont inuous s t a t i c .  
Sew audio output  tube  i n s t a l l e d  i n  TV i n s u r i n g  proper  opera t ion .  
TV i n  u p s t a i r s  has  d e f e c t i v e  p i c t u r e  tube.  No r e p a i r s  made. 
Mir ror  a t  top of s t a i r s  rep laced  wi th  new one. Cracked mi r ro r  t o  be 
de l ive red  t o  PPG. 
Two sh ing le s  on south s l o p e  of roof appear  t o  be damaged by wind. 
P o i n t  Magoo people  t o  be in and o u t  of house f o r  nex t  s e v e r a l  days. 
Plywood molding s t r i p  below k i t chen  range i s  o f f .  

Tes t  House No. 3 
R. P a i n t  pee l ing  on k i t c h e n  c e i l i n g  near  west f u r r i n g .  
S. TV f a i l s  t o  produce sound. P i c t u r e  ope ra t e s  okay. 

Tes t  Ilouse No. 4 
T. TV became inope ra t ive  a t  1330 hours .  
U. TV repa i r ed .  
V. TV p i c t u r e  func t ions  spo rad ica l ly .  Sound i s  okay. 
W. 

X. General Adjustment Bureau r ep resen ta t ive  inspec ted  roof f o r  damage from 

Upper g l a s s  of f r o n t  en t rance  s torm door broken due t o  wind slamming 
door ai 1306 hoiirs. 

previous  wind and r a i n  s tonns.  

-1 1- 
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STRUCTURAL RESPOWE TO SOI?IC BOOMS APPEiVDIX A4 

SUbDIARY OF INSPECTION F I N D I N G S  (A) - JULY 1964 -. PAGE 2 OF 3 

General  
A. New n a i l  head appea rances  th rough  p a i n t  c o a t s  on t h e  gypsun board w a l l s  . .  

and c e i l i n g s  o f  a l l  houses  c o n t i n u e  s p o r a d i c a l l y .  

p a i n t  c o a t s  on gypsum board w a l l s  and c e i l i n g s  of a l l  houses  appea r  
s p o r a d i c a l l y .  

B.  Extension o f  e x i s t i n g  (and appea rance  of  some new) h a i r l i n e  c r a c k s  i n  

T e s t  House N U  

a .  A 1  

*'b. 

a.  B l  

B1b. 
c1. 
D 1 .  
E l .  

F1. 

G 1 .  
H 1 .  
11. 
J1. 

K 1 .  

A 2 "  v e r t i c a l  c r a c k  h a s  appeared i n  t h e  n o r t h e a s t  c o r n e r  of  t h e  bathroom 
between t h e  t i l e  and b a t h t u b .  

A 1 / 2 "  c r a c k  e x t e n s i o n  i n  t h e  t i l e  g r o u t  of t h e  n o r t h e a s t  c o r n e r  of t h e  
b a t h  room. 

P i l o t  l i g h t  on h o t  water h e a t e r  went o u t  y e s t e r d a y  and today.  

F . A . A .  men c l e a n e d  w a t e r  h e a t e r  p i l o t  l i g h t  today.  O p e r a t i o n  now normal.  
Crack h a s  appea red  i n  g r o u t  o f  west end of window No. 7 .  
Furnace p i l o t  l i g h t  o u t .  
P i c t u r e  i n  room No. 9 found b roken  on f l o o r .  I t  i s  b e l i e v e d  t h a t  t h e  
t a p e  h o l d i n g  t h e  p i c t u r e  came l o o s e  d u r i n g  t h e  n i g h t  and t h e  p i c t u r e  
f e l l .  Tape h o l d i n g  i n s t r u m e n t  c a b l e s  t o  walls a l s o  coming l o o s e .  
Exter. - Expansion of v e r t i c a l  m o r t a r  c r a c k  i n  lower e a s t  c o r n e r  o f  s i l l  
of  window No. 8. 
A 1/16" e x t e n s i o n  of BB h o l e  c r a c k  i n  window No. 9 .  
Crack i n  g r o u t  of e a s t  mount of towel  b a r .  
TV antenna broken d u r i n g  p r e v i o u s  n i g h t .  
E x t e r i o r  e x t e n s i o n  o f  mor t a r  c r a c k  a t  uppe r  l e f t  c o r n e r  of window No. 6 
of bedroom No. 6 .  T h i s  i tem i s  a d j a c e n t  t o  a d e f e c t  noted on t h e  o r i g i n a l  
i n s p e c t i o n .  
Broken rung on TV s t a n d .  The rung was p robab ly  s t epped  on. 

T e s t  House No. 2 
A 2 .  
B2.  E x t e r i o r  - A 2" v e r t i c a l  m o r t a r  c r a c k  a t  s o u t h  end o f  s i l l  on window No. 3 ,  
C2. R e f r i g e r a t o r  and TV i n  u p s t a i r s  moved t o  Tes t  House No. 5. 
D2. E x t e r i o r  - A 2" m o r t a r  c r a c k  a t  t h e  n o r t h  end o f  t h e  s i l l  of window No. 3. 
E2. General Note: There are f o u r  ( 4 )  windows u p s t a i r s .  There a r e  h a i r l i n e  

F 2 .  The w a l l  hung p i c t u r e  on t h e  e a s t  w a l l  j u s t  n o r t h  of t h e  s o u t h e a s t  c o r n e r  

Water d r i p p i n g  from t a n k  ove r f low of w a i r r  c l o s e t .  

w a l l  c r a c k s  a t  11 of t h e  16 c o r n e r s .  

o f  bedroom No. 3 was found on f l o o r .  I t  i s  b e l i e v e d  t h a t  t h e  tape  
mounted hange r  came l o o s e .  

t a p e  f a i l u r e .  

s e p a r a t i o n s  a p p a r e n t .  

G2. The p i c t u r e  on t h e  w e s t  w a l l  of room No. 3 h a s  f a l l e n  t o  the  f l o o r  due to  

H2. E x t e r i o r  - Caulking i s  d e h y d r a t i n g  r a p i d l y .  Numerous checks and s e a l  

1 2 .  Bathroom No. 1 7  t i l e  g r o u t  c h i p p i n g .  
5 2 .  E x t e r i o r  - Plortar s e p a r a t i o n  i n  midd le  of s i l l  of  wind03 No. 11. 

4 

I . 
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Test House No. 3 - 
A 3 .  P l a s t e r  i s  f a l l i n g  o f f  around a n a i l  head found on t h e  o r i g i n a l  house 

i n s p e c t i o n  on t h e  s o u t h  w a l l  of bedroom No. 6. 
B3. A i r  c o n d i t i o n i n g  u n i t  q u i t  8 July. It was pu t  back i n  o p e r a t i o n  on 

9 .July, b u t  q u i t  a g a i n  a t  approx ima te ly  1200 h o u r s  on 9 J u l y .  
C3. F.A.A. men r e p a i r e d  a i r  c o n d i t i o n e r .  Opera t ion  i s  now normai. 
D3. F.A.A. men worked on a i r  c o n d i t i o n e r .  
E3. Condensat ion from t h e  a i r  c o n d i t i o n i n g  u n i t  h a s  soaked t h e  rug  i n  t h e  

F3. F.A.A. men r e p a i r e d  a i r  c o n d i t i o n e r  a t  approximately 1100 hour s .  
G3. One €an motor  on a i r  c o n d i t i o n i n g  u n i t  burned o u t .  
H3. F.A.A. men r e p a i r e d  a i r  c o n d i t i o n e r  between 0930 and 1130 hour s .  
13.  O p e r a t o r  had t o  b r e a k  n i g h t  l a t c h  c h a i n  on back door  i n  o r d e r  t o  e n t e r  

53. l l o r i z o n t a l  c r a c k  a long  top  of t i l e  where w a l l  and t i l e  meet i n  room 

K 3 .  

a r e a  of  t h e  a i r  c o n d i t i o n i n g  u n i t  i n  t h e  h a l l  and i n  bedroom No. 7 .  

house t h i s  A.M. F ron t  door  cannot  be unlocked from o u t s i d e .  

No. 8. 
Window t r i m  on west  s i d e  of window No. 6 h a s  new c r a c k  1/2" long. 

T e s t  House No. 4 
A4. Storm d o o r  g l a s s  r e p l a c e d  i n  s o u t h  ( f r o n t )  door .  See June 19 r e p o r t .  
B4. 

C4. E x t e r i o r  - Founda t ion  c r a c k s  s t a r t  a t  b r i c k  s i l l  5" and 13" n o r t h  of 

D 4 .  E x t e r i o r  - Founda t ion  c r a c k  s t a r t s  a t  b r i c k  s i l l  7'8" s o u t h  of n o r t h -  

E 4 .  E x t e r i o r  - Founda t ion  c r a c k  s t a r t s  a t  b r i c k  s i l l  9'3" s o u t h  o f  n o r t h -  

F4. Glass removed from s to rm doors  and r e p l a c e d  w i t h  s c r e e n s .  

E x t e r i o r  - Mor ta r  c r a c k  s t a r t s  unde r  n o r t h  jamb of window No. 4 and 
e x t e n d s  down t h r e e  cour ses  of b r i c k .  

n o r t h  jamb of window No. 9 and e x t e n d  down. 

w e s t  c o r n e r  and e x t e n d s  down 0 '  11". 

west c o r n e r  and e x t e n d s  down 0'6''. 

. .  

I .  

t "  
' J  .-J 

I -15- 



1 STRUCTURAL RESPOfJSE TO SONIC BOD43 APPENDIX A4 

SUHMARY OF INSPECTION FINDINGS (B) - JULY 1964 - PI 
Test I Test Test 

E l o f 2  _. 

Test 
House House House House 

No. 10 
(Norman) 

51 Struct. I Furn. I - 
t P  

t t t 

t P  

t P  
8 

9 t G, H 
t l o  

' I  
A, B 
B 

t P  

t o  

i 
t H  t P '  

t P  
t c, P 

I t  I t  B t P  

2 1  A ,  B + A  

22 A ,  B t 

t 23 

24 

25 

26 

A 

B 

A ,  B 

A ,  B 

I 

27 

28 B t A  

t A  t L  t 

t t A  : t R  

t P  

A ,  F 

--------rl 
-16- 



' b  

.. 

1 

-. 

e7 A- "I 

STRUCTURAL RESFOWE TO SONIC BOOMS APPENDIX A4 
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General 
A.  New wal l  c racks  have appeared. .. 
B. Extension of e x i s t i n g  w a l l  c racks have appeared.  
C .  Photos of s e l e c t e d  house i n t e r i o r s  by F.A.A. photographer .  

- iesr .  Iiouse Eo. 5 
D. 
E .  South window i n  d i n i n g  room has  two cracks  i n  t h e  top  pane. I t  i s  be l i eved  

F.  I n t e r m i t t e n t  c i r c u i t  i n  one l i g h t  of c h a n d e l i e r  i n  p a r l o r .  

Window i n  bedroom No. 12 cracked i n  lower r i g h t  co rne r .*  

t h a t  these  c racks  occurred between 7 J u l y  1964 and 9 J u l y  1364.** 

Tes t  House No. 6 
G. Check po in t s  se t  through house show no movement. 
H. Crack i n  south p o r t i o n  of l i v i n g  room c e i l i n g  appears  t o  have widened. 

Tes t  House No. 7 
I .  Wallpaper loosening along cracks and bu lg ing  from w a l l  i n  ba th  and k i t chen .  
J.  A water  evapora t ive  c o o l e r  runs p a r t  of t he  day. I t  is be l i eved  t h a t  t h i s  

K.  Paper loosening  from wa l l  over  tub i n  ba th .  
has some a c t i o n  on t h e  wal lpaper  nea r  c racks .  

Tes t  House No. 8 
L. The 9:00 A.M. boom was c l e a r  and d i s t i n c t  w i th  window r a t t l e .  

Tes t  House No. 9 
M. The 1:00 boom caused heavy window r a t t l e  and v i b r a t i o n  which was f e l t  i n  
. bedroom No. 11. 

N .  The 1 1 : O O  and 11:20 booms were sharp  and d i s t i n c t  i n  bedroom No. 11. The 
v i b r a t i o n  from t h e  boom appears  t o  cause movement i n  t he  c racks  and 
minute p a r t i c l e s  of p l a s t e r  t o  break  o f f  a t  t h e  edge of  t h e  c rack .  

0. Bedrooms 10 and 11 appear  t o  be t h e  only  p a r t  o f  t he  house where any boom 
e f f e c t  can be noted.  During t h e  1 1 : Z O  boom v i b r a t i o n  w a s  f e l t  and minute 
p ieces  of p l a s t e r  appeared t o  b e  b reaking  away a t  the  c racks .  

Tes t  House No. 10 
P .  No boom heard.  
Q .  Cracks around 220 v o l t  r ecep tac l e  i n  d i n i n g  room caused by workmen in-  

R .  New cracks  noted i n  d in ing  room. The cracks  were probably caused by 
s t a l l i n g  r ecep tac l e  f o r  a i r  condi t ioner .  

change i n  temperature  due t o  i n s t a l l a t i o n  of new a i r  cond i t ione r .  

T e s t  House No. 11 

'a. 

'b. 
T. The 9:00 boom was a very low rumble l i k e  d i s t a n t  thunder .  

Occupants have n o t  heard any booms. 

Occupants have n o t  heard any booms p a s t  week. 

*Inspec t ion  error. Crack ljresesi a i  i n i t i a l  inspection. 

Company l abora to ry  f o r  ana lys i s .  Cracks due t o  causes  
o t h e r  than  shock loading. 

**Pane removed and submit ted t o  P i t t s b u r g h  P l a t e  Glass 

f -17- 
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T e s t  House No. 1 T e s t  House No. 2 T e s t  House No. 3 T e s t  House No. 4 
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SUMI!ARY OF INSPECTION FINDINGS (A) - AUGUST 1964 - PAGE 2 OF 3 

General 
A.  

B. Extensions of e x i s t i n g  (and appearance of some new) h a i r l i n e  c racks  i n  

N e w  n a i l  head appearances through p a i n t  c o a t s  on the  gypsum board wa l l s  
, and c e i l i n g s  of a l l  houses cont inue s p o r a d i c a l l y .  

p a i n t  c o a t s  on gypsum board w a l l s  and c e i l i n g s  of  a l l  houses appear 
s p o r a d i c a l l y .  

Test House No. 1 
A l .  E x t e r i o r  - Mortar s e p a r a t i o n  of b r i ck  s i l l  18'' East o f  West edge of 

South window i n  bedroom No. 9. 

a c c i d e n t a l l y  by F .A .A. personnel .  
E x t e r i o r  - Piortar s e p a r a t i o n  over  West support  o f  d e c o r a t i v e  ledge under 
garage window. 

B 1 .  Hole i n  West w a l l  o f  l i v i n g  room with concent r ic  crack South of i t  c rea t ed  

C 1 .  

D 1 .  T i l e  g rout  c rack  a t  South edge of mi r ro r  in bathroom. 
E l .  Mortar  c rack  i n  f i r s t  course  of b r i cks  above p a t i o  s l a b  West of p a t i o  door. 
F1. 
G l .  

111. R e f r i g e r a t o r  w i l l  n o t  run f o r  more than  10 seconds.  

Water ran  i n t o  garage  from j o i n t  between house s l a b  and garage s l a b .  
Two sample m i r r o r s  were sc ra t ched  and hung on West w a l l  of l i v i n g  room and 
West w a l l  of bedroom No. 9. 

Test House No. 2 
A2. Hor izonta l  taped seams of junc t ion  of dormer c e i l i n g  wi th  wa l l  and c e i l i n g  

are occur r ing  a t  innumerable and random l o c a t i o n s .  
B2. P i c t u r e  found on f l o o r  of bedroom N o .  3. Tape mounted hanger  f a i l e d .  
C2 .  Observat ion:  A t o t a l  of  five(5)new na i lhead  cracks  have been noted i n  t h e  

D2. Buzzer on oven t i m e r  w a s  going when inspec to r  en te red  house.  
E2. Continuous moderate background s t a t i c  on rad io .  
F2. E x t e r i o r  - Mortar  s e p a r a t i o n  between f i r s t  and second b r i c k s  from East end 

of l i v i n g  room window s i l l .  

p a s t  week. 

Test House No. 3 
A3. A i r  cond i t ion ing  u n i t  l eak ing  water  on rug i n  h a l l .  
B3. A i r  cond i t ion ing  u n i t  t u rned  o f f  a t  0820 hours .  
C3. I n s i d e  screen  on k i t c h e n  window removed. 
D3. A i r  cond i t ion ing  u n i t  r epa i r ed  by F.A.A. Unit  now in opera t ion .  
E3. E x t e r i o r  - Piortar s e p a r a t i o n  on both s ides  of second b r i c k  West of East 

s i d e  of b r i c k  s i l l  on window No. 11 i n  bedroom No. 6 .  

T e s t  House No. 4 
A4.  A 6" c rack  a t  i n t e r s e c t i o n  of t i l e  and wa l l  over  s i n k  i n  bathroom. 
B4.  P a i n t  checking i n  bathroom. 
C 4 .  E x t e r i o r  - Nine v e r t i c a l  mor ta r  s epa ra t ions  between b r i c k s  on s i l l  f o r  

D4.  E x t e r i o r  - Vertical mortar  s epa ra t ion  i n  middle of s i l l  of l i v i n g  room 

E4.  T .V.  p i c t u r e  fades  i n t e r m i t t e n t l y  dur ing  warmup. Operat ion okay a f t e r  

F4. 
G 4 .  Vertical  c rack  i n  conc re t e  above foundat ion vent  and benea th  windows of 

H4. E x t e r i o r  - Four v e r t i c a l  mor ta r  s epa ra t ions  i n  s i l l  of k i t chen  window. 
14 .  

bathroom window. 

window. 

f i v e  i;o teii miiiutes. 
Crack i n  upper l e f t  co rne r  of lower pane i n  lower sash  of bathroom window. 

bedroom No. 6 and k i t c h e n  ( e x t e r i o r ) .  

E x t e r i o r  - Horizonta l  mortar s epa ra t ion  beneath East edge of k i t chen  
window. 
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Tes t  House No. 4 (Continued) 
54. 

K4. 
L4. S t a t i c  on T.V. sound dur ing  warmup. D i s t i n c t  changes i n  volume a f t e r  

M4. Mortar crack beneath s i l l  of bathroom window extended down through one 

N4. Ex te r io r  - Mortar c rack  beneath North s i d e  of Eas t  window i n  bedroom 

04. 
P4. 

Exte r io r  -Numerous h a i r l i n e  cracks i n  patched areas of foundat ion a long  
West wall .  
Ex te r io r  - Glazing on garage window is d r i e d  and f a l l i n g  o f f .  

warmup. 

b r i c k  (Exter ior ) .  

No. 4 extended down through t h r e e  more b r i c k  courses .  
Ex te r io r  - Mortar c rack  38" above stemwall  12" Kest of garage door.  
Ex te r io r  - Loose mor ta r  on bottom t r ead  of back s t e p s  from masonry c rack  
repor ted  on o r i g i n a l  i n spec t ion .  

E 
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STRUCTURAL RESPO!ISE TO SONIC BOOMS APPENDIX A4 

SUMMARY OF INSPECTION FINDINGS (B) - AUGUST 1964 - PAGE 2 OF 2 

General 
A .  New w a l l  cracks have appeared. 
B. Extension of e x i s t i n g  w a l l  c racks  have appeared. 

T e s t  House No. 5 

C. 

D. P l a s t e r  chips  and dus t  found beneath c e i l i n g  cracks i n  l i v i n g  room. 
E .  Checking i n  patched a r e a  t o  the  r i g h t  of stairs i n  foyer .  
F. Window l a t c h  on North window of group on West wa l l  i n  d in ing  room broke.  
G.  
11. F a i n t  smell of gas i n  bedroom No. 12 .  

J .  Window shade broken dur ing  in spec t ion  i n  c l o s e t  15A. 
K. Wallpaper hanging loose on South wa l l  of c l o s e t  16A. 
L. 

M. P a i n t  pee l ing  o f f  North wa l l  i n  d in ing  room. 

Wallpaper s p l i t  h o r i z o n t a l l y  on South wa l l  of c l o s e t  1 4 B  t o  j o i n  
Southeast  corner .  

P a i n t  and p l a s t e r  pee l ing  o f f  i n  Northeast  corner  of d in ing  room. 

. I .  Di s in t eg ra t ion  of p l a s t e r  i n  spa l l ed  a rea  i n  ba th  No. 5 and ba th  No. 13. 

Small  p a r t i c l e s  of p a i n t  found on f l o o r  under crazed a r e a  on c e i l i n g  i n  
bedroom No. 15. 

T e s t  House No. 6 - No o t h e r  changes noted.  

T e s t  House No. 7 - No changes noted .  

Tes t  House No. 8 - No o the r  changes noted. 

Tes t  House No. 9 
N .  Wallpaper badly wrinkled i n  Northwest c o m e r  of foyer .  

Tes t  Ilouse No. 10 - No o the r  changes noted. 

Tes t  House No. 11 
0.  
P. Window i n s t a l l e d  i n  West w a l l  of shop. 

Water from washer s t a ined  rug i n  l i v i n g  room when hose broke.  

L 
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STRUCTVRAL -- - RESPOrJSE TO SONIC BOO!*S APPENDIX A4 

SUMNARY O F  INSPECTIOX F I N D I N G S  (A) - SEPTENBER 1964 - PAGE 1 of 3 

I Test House No. 1 
I 
~ Struct. Furn. 51 I 

I 

i -f A ,  B , A i  

2 

t D l , E l , F l  H== 

J1 

z7 I I 

I 1 

-t Days wh n house b 

Test House No. 2 Test House No. 3 Test House No. 4 

11 
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APPENDIX A4 STRUCTURAL RESPO!EE TO SONIC BOOMS 

SLPPlMY OF INSPECTION FINDINGS (A) - SEPTENRER 1964 - PAGE 2 of  3 

General 
A. New n a i l  head appearances through p a i n t  c o a t s  on gypsum board walls 

and c e i l i n g s  of  a l l  houses cont inue  sporad ica l ly .  
B. Extensions of e x i s t i n g  (and appearance of some new) h a i r l i n e  c racks  

i n  pa in t  coa t s  on gypsum board w a l l s  and c e i l i n g s  of a l l  houses appear  
sporadica l ly .  

Test House No. 1 
A l .  Ex te r io r  - A 4" h o r i z o n t a l  ex tens ion  of diagonal  crack under e a s t  

B1 .  
c1. 
D l . '  

E l .  

F1. 

G1 .  
H 1 .  

11. 
Jl.  

K 1 .  

L1. 
M l  . 
N 1 .  
01. 

- 
edge of window s i l l  of bedroom No. 2. 
Water and sand cont inue  t o  seep  on garage' f l o o r  from beneath house s l a b .  
Ex te r io r  - Mortar c rack  underneath w e s t  end of garage window s i l l .  
Exter ior  - Horizonta l  mortar  c rack  has  extended the  length  of one b r i c k  
beneath s i l l  of  e a s t  window of  bedroom KO. 9.  
Ex te r io r  - l lo r izonta l  mortar  s epa ra t ion  under top  b r i c k  a t  upper r i g h t  
hand corner  of  garage door. 
Mortar s epa ra t ion  a t  e a s t  suppor t  f o r  decora t ive  s h e l f  beneath garage 
window. 
TV inspected by TV repairman.* 
C i r c u i t  b reaker  switch No. 7 on ' 'off" p o s i t i o n  when house was en te red  
t h i s  A.H. 
E l e c t r i c  c lock i n  k i t chen  stopped. 
A l l  wal l  hung lamps, m i r r o r s ,  and p i c t u r e s ;  and a l l  glassware placed 
on t ab l e s  i n  l i v i n g  room. 
A l l  fu rn ish ings  t h a t  were placed i n  l i v i n g  room have been placed i n  
t h e i r  o r i g i n a l  o r  a s i m i l a r  p l ace .  
Bathroom s ink  f u l l  o f  water. 
One hanger c l i p  of w a l l  hung double  p i c t u r e  i n  l i v i n g  room has  come 
loose .  
Double p i c t u r e  removed from w a l l  i n  l i v i n g  room. 
Hanger f a i l e d  on w a l l  hung p i c t u r e  i n  bedroom No. 2. 

(See note  on Page 25.1 - 

Test House No. 2 
A2. 
n2. 
C2. 

D2. 
E2. T.V. repairman inspec ted  T.V.* 
F2. A l l  wal l  hung lamps, m i r r o r s ,  and p i c t u r e s ;  and a l l  glassware placed 

G2. Ex te r io r  - Grass has  been cu t .  
H2. A l l  furnishings t h a t  w e r e  placed i n  l i v i n g  room have been placed i n  

1 2 .  Ex te r io r  - Caulk around windows i s  dry  and cracking.  
3 2 .  Ex te r io r  - Numerous checks i n  e x t e r i o r  s i d i n g .  

Ex te r io r  - Average g r a s s  he igh t  approximately 3'0". 
A.D.T. burg lar  alarm system removed. 
Pa in t  f laked o f f  from previous ly  r epor t ed  h o r i z o n t a l  c rack  - poss ib ly  
caused by A.D.T. personnel  removing equipment. 
P l a s t i c  e l e c t r i c  o u t l e t  cover  p l a t e  warped from h e a t  of  s tove  i n  k i tchen .  

on l i v i n g  room f l o o r  a long  w e s t  w a l l .  (See no te  on P a w  25.1 

pos i t i ons  similar t o  t h e i r  o r i g i n a l .  

Test House No. 3 
A3. A i r  condi t ioning u n i t  turned o f f  a t  2 : l O  P.M. today. 
B3. V e r t i c a l  t i l e  grout  crack a t  south edge of ba th tub .  
C3. Carpet s a tu ra t ed  wi th  wa te r  from a i r  cond i t ion ing  u n i t  condensat ion.  
D3. A.D.T. burg lar  alarm system removed. 
E3. T.V. inspected by T.V. repainnan.* 
F3. 
G3. 

V e r t i c a l  t i l e  grout  crack approximately 16" long west of door of bathroom 
Ex te r io r  - V e r t i c a l  mor ta r  s e p a r a t i o n  under south  end of s i l l  beneath 
k i t chen  window on w e s t  wal l .  

- 
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STRUCTURAL RESPOKSE TO SONIC BOOMS APPENDIX A4 

SWElARY OF INSPECTION FINDINGS (A) - SEPTEPIBER 1964 - PAGE 3 of 3 

Tes t  House N o .  4 
A4.  E l e c t r i c  c lock  i n  l i v i n g  room stopped.  
B4. E x t e r i o r  - Mortar  s epa ra t ion  a t  sou th  end of garage window s i l l .  
c4.  E x t e r i o r  - Vertical  mor ta r  c rack  t h r u  one b r i c k  course  underneath 

D 4 .  A.D.T. b u r g l a r  a larm system removed. 
Eic. Exr;erior - Weat>tered ch%p fs?? sff edge cf brick Inrated e i g h t  courses  

above s t e m  w a l l  and fou r  b r i c k s  n o r t h  of  s o u t h e a s t  co rne r  of garage.  
F4. E x t e r i o r  - Sheet  metal weather  cap a t  southwest  co rne r  of garage  is 

loose .  
G4. T.V. i n spec ted  by T.V. repairman.* 
H 4 .  E x t e r i o r  - Hor izon ta l  mortar s e p a r a t i o n  extended two b r i c k s  a t  upper 

r i g h t  co rne r  of garage  window. 
14. A l l  w a l l  hung lamps, mi r ro r s ,  and p i c t u r e s ;  and a l l  glassware placed 

i n  l i v i n g  room. 
54 .  Clock i n - l i v i n g  room s t a r t e d  by moving hands. 
K4 .  E x t e r i o r  - Hor izon ta l  mortar  s e p a r a t i o n  a long  top  of s t e m  w a l l  starts 

a t  garage door and ex tends  14" w e s t .  
t 4 .  E x t e r i o r  - P o r t i o n  of concre te  pa tch  alonp, top  of stem w a l l  w e s t  of 

back door t o  garage has  f a l l e n  o f f .  
P14. P a i n t  is f l a k i n g  from bathroom c e i l i n g .  
N 4 .  P a i n t  and caulk ing  c racks  have become worse dur ing  month. 

sou th  end of s i l l  of east  window i n  bedroom N o .  4. 

Later r e tu rncd  t o  o r i g i n a l  p o s i t i o n s .  (See no te  below.) 

* See s e p a r a t e  le t ter  r e p o r t  da t ed  September 23, 1964 on T.V. 
i n spec t ions .  

KOTE: Fu rn i sh ings  i n  Tes t  Houses N o .  1, 2 Er 4 had been prematurely 
assembled f o r  removal due t o  misunderstanding of d a t e  on 
work order .  

I: -25- 
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STRUCTURAL RESP0I"ISE TO SOiVIC BOOPS APPENDIX A4 

SUEDlARY OF INSPECTION FINDINGS (B)  - SEPTENBER 1964 - PAGE 1 of 3 

1 I Test Test 
House 
No. 7 

W. 19th s -- 

Test Test 
House House I Test House No. 5 House 1 No. 6 No. 9 

Park P 1 . j  
I 

d I (N 8 

c-- 

Struct. Furn. 

t 
t u  

't" t S  3 

4 

5 

6 

7 t t 
I t A A  t A , B  

9 t A , B , C  t 
10 t A , B , D  ,E t 
11 

t 
t t I ~ B B , C C  

tt l4 t F , G  

l 5  t A , B , I , J  H t 
l6 t A , B  tT 

t 17 

18 I 

t I t  
t 

t 

21 t A , B , K  

22 t A , B  t 
t 23 

24 t A , B , L , M  t 
25 

t I t D D  + t W,X,Y t 

26 i 

27 

:ed. 

__ 
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STRUCTURAL RESPOPJSE TO SONIC BOOMS APPENDIX A4 

B. 
C .  
D. 
E. 

F. 
G.  

H.  

I. 
J. 
K. 

L. 

M. 
N. 
0. 

P. 

9 .  
R. 

SDPIARY OF I N S P E C T I O N  F I N D I N G S  ( R )  - SEPTEMBER 1964 - PAGE 2 of 3 - 
Lest House N o .  5 

A. New w a l l  cracks have appeared. 
Extensions of e x i s t i n g  wall cracks have appeared. - 
E x t e r i o r  - B l i s t e r s  i n  mor ta r  on foundat ion under p a r l o r  window. 
V e r t i c a l  paper  s p l i t  10" long nor th  of windows i n  bedroom No. 14. 
E x t e r i o r  - Nor ta r  on foundat ion cont inues  t o  d i s i n t e g r a t e .  S i t u a t i o n  

P l a s t e r  d u s t  on mantle from crack i n  sou theas t  co rne r  of l i v i n g  room. 
P ieces  of p l a s t e r  on wa te r  c l o s e t  and f l o o r  from crazed  area above water 
c l o s e t  and h e a t e r  i n  ba th  No. 5 .  
T.V. inspec ted  by T.V. repairman. See s e p a r a t e  l e t t e r  r e p o r t  da ted  
September 23, 1964 on T.V. inspec t ions .  
Open seam i n  wal ipaper  of bedroom Xo. 14. 
L!allpaper crack 4" long n o r t h  of window i n  bedroom No. 14. 
P i eces  of p l a s t e r  on water c l o s e t  from crazed area above water c l o s e t  i n  
ba th  No. 5. 
Piece  of p l a s t e r  approximately 6" squa re  f e l l  from w a l l  above water  c l o s e  
i n  ba th  No. 5 
Small p ieces  of p l a s t e r  f e l l  from wall i n  k i t chen .  
An above average number of  29 cracks and ex tens ions  noted.  
Bulges i n  p l a s t e r  of e a s t  w a l l  o f  b a t h  No. 5 ,  e a s t  w a l l  of bedroom No. 12 ,  
and south  wall of ba th  No. 13. 
Window shades a r e  gradual ly  being r ipped  t o  shreds  i n  t h e  course  of window 
inspec t ions .  
The occurrence of c e i l i n g  cracks has been g r e a t e r  t h i s  month. 
"Blister" o r  ' ' sof t  spots"  have appeared on the  mor ta r  covered foundat ion 
t h i s  month. 

y r t i c u l 2 r l ; i  C _ P _ X . T P _ ~ P _  I L E . ~ ? ~  . t_fninu D r n n m  ~ i n d c w g  ~ 

rest  House No. 6 
S. 
T. 

Wall crack approximately 4" long above door i n  d in ing  room. 
C e i l i n g  crack has extended 12"  i n  d i n i n g  room. 

r e s t  House N o .  7 
U. Wall c rack  s t a r t s  a t  top of window and runs up t o  c e i l i n g  i n  bathroom. 
V. Wall crack s t a r t s  a t  f l o o r  and extends up 32" on south  w a l l  o f  d in ing  room. 

Test  House N o .  8 
14. 
X.  

Y. 

Wall crack on nor th  w a l l  of  dining room extends from top  o f  door t o  c e i l i n g .  
Wall crack on e a s t  w a l l  of  bedroom No. 7 extends from top  of c e n t e r  window 
t o  c e i l i n g .  
Wall crack on east  w a l l  of  bedroom KO. 8 extends from top  of sou th  window 
t o  c e i l i n g .  

Test  House No. 9 
Z .  South w a l l  crack i n  bedroom No. 11 has  extended 10". 

An. West w a l l  crack i n  d in ing  room has extended t o  c e i l i n g .  
BB. Eas t  wa l l  crack from window t o  f l o o r .  
CC. Nest w a l l  crack extends From l i g h t  switch t o  w a l l  h e a t e r .  
DO. 
EE. Hor izonta l  wa l l  crack on no r th  wal l  of bedroom N o .  11 runs from winLJw t o  

FF. 
GG. 

Cracked pane in e a s t  window on south w a l l  of k i tchen .  

e a s t  w a l l .  
V e r t i c a l  wa l l  c rack  on west w a l l  ex tends  from top of window t o  c e i l i n g .  
V e r t i c a l  w a l l  c rack  on south wal l  o f  l i v i n g  room extends  from top of door 
t o  c e i l i n g .  
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~ STRUCTURAL RESPOIISE TO SONIC BOOMS APPENDIX A4 

SUMklAF3 OF INSPECTION FINDINGS (B) - SEPTEPlRER 1964 - PAGE 3 of 3 

Test House No. 10 
HB. Horizontal South wal l  crack has extended t o  meet v e r t i c a l  crack in  dining 

room. 
Hairl ine north wal l  cracks have appeared i n  patched areas i n  bathroom. 

Horizontal e a s t  wal l  crack 12" long in bedroom No. 14. 

11. 
JJ.  East wall crack i n  bathroom. 
K K .  

Test House N o .  11 - No changes noted. 

c 

-28- 



3 -+a - 

STRUCTURAL RESPOliSE TO SONIC BOOPS APPENDIX A4 

SUN'IARY OF INSPECTION FINDINGS (A) - OCTOBER 1964 - PAGE 1 of 3 

Test House NO.  2 Test House No. 4 Test House No. 3 Test House N O .  1 

i A , B  

Struct .  Furn. I Struct .  Furn. L S truct . Furn. L 
- A R  I 

I 
" , Y  t A;R A& S 

I s" 

' A3 

t B3 tB1,Cl ---I-- + 
t C3,D3 ----I-- + t 

----I-- t E 4 , F 4  + I 

t f t  tH1.11 

I 
t I t F3 +1 s a tK1 L1 

t t E2 I D2 i ----t-- 
t 

i C 

t i.'2 -1 t I r;4 J 

I 0 

I 

i END OF ROGRAM 1 
t Days wlen house 3s inspect d .  
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STRUCTURAL RESPONSE TO sonrc BOOMS APPENDIX A4 

SUMMARY OF INSPECTION FINDINGS (A) - OCTOBER 1964 - PAGE 2 of 3 

General  
A .  

B. 

New n a i l  head appearances through p a i n t  coa t s  on gypsum board w a l l s  and 
c e i l i n g s  of a i l  houses contirlue spo rad ica l ly .  
Extensions of exisLinp, (and the  appearance of sone new) h a i r l i n e  c racks  
i n  pa in t  c o a t s  on gypsum board wa l l s  and c e i l i n g s  of a l l  houses appear  
sporsd i c a l  l y  . 

A 1  . 
B1.  

c1. 

D 1 .  

E l .  

F1. 

G 1 .  
H1.  

11. 

Jl. 
K 1 .  
L1. 
M 1 .  

T e s t  House No. 1 
Inspec tor  s t a r t e d  e l e c t r i c  c lock  which was unplugged by unknown pa r ty .  
Ex te r io r  - A 3" ex tens ion  of h o r i z o n t a l  mor ta r  s e p a r a t i o n  under top  
course of b r i c k s  ad jacen t  t o  no r th  end of garage door.  
Ex te r io r  - An 8" h o r i z o n t a l  o f f shoo t  of v e r t i c a l  mor ta r  s e p a r a t i o n  
below s i l l  of n o r t h  window of bedroom No. 6 .  
Exte r io r  - A 7" h o r i z o n t a l  mortar  s e p a r a t i o n  under second course of 
b r i cks  from top of w a l l  4" e a s t  of n o r t h  window of bedroom No. 6 .  
Exte r io r  - A 20" ex tens ion  of masonry crack 10" below s i l l  of no r th  
window of bedroom No. 6 .  
Exte r io r  - A IO" h o r i z o n t a l  mor ta r  s e p a r a t i o n  below s i l l  of east 
window of bedroom No. 6.  
Ex te r io r  - A diagonal  masonry crack below e a s t  window of bedroom NO. 6. 
Ex te r io r  - Horizonta l  and v e r t i c a l  mor ta r  s e p a r a t i o n s  enc lose  f i r s t  and 
second b r i c k s  south of northwest  corner  of top  course  of b r i c k s .  
Ex te r io r  - Extension of d iagonal  c rack  a t  lower l e f t  c o m e r  of l i v i n g  
room window now t e rmina tes  on grade.  
Inspec tor  s t a r t e d  e l e c t r i c  c lock  which was n o t  running.  
Ex te r io r  - V e r t i c a l  mor ta r  s e p a r a t i o n  below window of bedroom NO. 6 .  
Wall mounted te lephone removed dur ing  in spec t ion .  
Ex te r io r  - V e r t i c a l  mortar  s e p a r a t i o n  between f i r s t  and second b r i c k s  
west of sou theas t  corner  below window s i l l  l e v e l .  

Test  House No. 2 
A2. Extension of e x i s t i n g  (and appearance of some new) seam s p l i t s  a t  

B2. 

C2. Door handle  assembly on f r o n t  s c reen  door i s  loose .  
D2. 

E2. 

F2. Shower c u r t a i n  rod found i n  ba th  tub of ba th  NO. 5. 

i n t e r s e c t i o n  of w a l l s  and c e i l i n g s  appear  s p o r a d i c a l l y .  
Ex te r io r  - Horizonta l  mor ta r  s e p a r a t i o n  along top  of stem w a l l  ex tends  
e a s t  four b r i c k s  f r o m  n o r t k w s t  cerner .  

Bolts ho ld ing  weight of d r e s s e r  m i r r o r  have loosened pe rmi t t i ng  m i r r o r  
to l ean  away from wal l  i n  bedroom No. 18. 
I n t e r m i t t e n t  mor ta r  c rack  along top  of stem w a l l  on w e s t  s i d e  of 
garage. 

T e s t  House No. 3 
A3. 

C3. 

D3. 

E3. Inspec tor  found e l e c t r i c  c lock  s topped.  Clock r e s t a r t e d  okay. 
F3. 

G3. Exte r io r  - Horizonta l  E-W crack  between 1st and 2nd b r i c k  from N end 

Extension of h o r i z o n t a l  g rou t  crack on south  w a l l  of ba th .  

Inspec tor  found t o i l e t  running. 
water  t o  tank. 
General expansion of c racks  around borde r  of t i l e  wainscot  on w w a l l  
of ba th  j u s t  N of door. 

Ex te r io r  - A 7" v e r t i c a l  mor ta r  s e p a r a t i o n  a t  i n t e r s e c t i o n  of n o r t h  
s ide  o f  chimney and w e s t  w a l l .  

of  S window on E wa l l  has  turned t h e  co rne r  and now extends  v e r t i c a l l y  
through t h e  s i l l .  

.B3. Inspec tor  unable t o  l i g h t  p i l o t  on furnace .  
Could n o t  c o r r e c t ,  so tu rned  o f f  

E n t i r e  wainscot  may f a l l  o f f  w a l l .  

- .~ 
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APPENDIX A4 STRUCTURAL RESPOPiSE TO SONIC BOOMS 

SLMIARY OF INSPECTION FINDINGS (A) - OCTOBER 1964 - PAGE 3 of 3 

A4 . 
B 4 .  

c4. 

E 4  . 
E4. 

F4. 

G 4 .  
H 4 .  

14. 

. J4 .  
K4. 

L4. 

- T e s t  House No, 4 
V e r t i c a l  ho ld  on TV set w i l l  n o t  c o n t r o l  p i c t u r e  f lopover .  
E x t e r i o r  - V e r t i c a l  mor ta r  s e p a r a t i o n  eas t  of the  n i n t h  b r i c k  east  of 
t he  northwest  corner  i n  the  s o l d i e r  cour se  a t  top  of w a l l .  
E x t e r i o r  - V e r t i c a l  h a i r l i n e  c rack  i n  conc re t e  s t e m  w a l l  approximately 
18" w e s t  of window of bedroom No. 6 .  
E x t e r i e r  - Ext-er?sicm nf diagonal masonry c rack  under east  window of  
bedroom No. 4 .  Crack te rmina tes  a t  stem w a l l .  
E x t e r i o r  - Two v e r t i c a l  mortar s e p a r a t i o n s ,  one h o r i z o n t a l  mor ta r  
s epa ra t ion ,  and one diagonal  mor ta r  s e p a r a t i o n  noted.  
A forced e n t r y  through t h e  r e a r  door of garage  has  occurred s i n c e  l a s t  
i n spec t ion .  
Rear door t o  garage has  not been r epa i r ed .  
E x t e r i o r  - New mor ta r  s epa ra t ion  a t  upper l e f t  c o r n e r  of rear garage 
door ex tends  up through s o l d i e r  course.  
E x t e r i o r  - V e r t i c a l  mor ta r  s e p a r a t i o n  f o u r  cour ses  above s t e m  w a l l  a t  
l e f t  edge of northwest  corner  b r i c k  on n o r t h  w a l l .  
Rear door t o  garage has  been r epa i r ed .  
Vertical  mor ta r  s e p a r a t i o n  on w e s t  s i d e  of b r i c k  a t  upper r i g h t  co rne r  
of k i t c h e n  window. 
TV p i c t u r e  fades  i n  and out. 
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STRUCTURAL RESPOI'JSE TO SONIC BOOKS APPENDIX A 4  

SUMMAXY OF I N S P E C T I O N  FINDINGS ( B )  - OCTOBER 1964 - PAGE 1 of 3 __- - _- ____ ~. 
Test Test  Test Test Test Test 

No. 6 , -No,_.3_ -H-o3-8--Lo. 9 No. 10 No. 11 
House House Test  House No. 5 House House House House 

I 

19th  St I)---- - (Park P1. (Norman) 

rd 1 Struct .  1 Furn. [zk------ l O c c u n i e A s i d e n c e s - ! ! -  -- I__.. 

-+ -+ 

I I SCh It I t 13 t C 6  t t t D 9  13 

14 tA5,B5 i D 6  t A 7  , B 7  , C 7  t E 8  ,F8 
+E6 , F6 b 7 , E 7  t G 8 , H 8  t t C 1 1  's 15 c. 

U 

16 t G l O  
17 17 

i a  18 

. 

17 

18 
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STRUCTURAL RESPOrJSE TO SONIC BOOMS APPENDIX A4 

SUMMARY OF INSPECTION FINDINGS (B) - OCTOBER 1964 - PAGE 2 of 3 

Test  House No. 5 
A5. New w a l l  c racks  have appeared. 
B5. Extension of e x i s t i n g  w a l l  c racks  have appeared. 
C5. 
D 5 .  
E5. 
rJ. 

G5. 

115. Wall is c raz ing  on both s i d e s  of door on nor th  w a l l  of k i t chen .  
15. Horizonta l  c rack  i n  t i l e  of ba th  No. 13. 
55. Addi t iona l  p l a s t e r  has  f a l l e n  from previous ly  repor ted  areas. 
K5. R e f r i g e r a t o r  no t  working. 

A 4" s p l i t  i n  wal lpaper  on w e s t  w a l l  of  bedroom No. 14. 
I n t e r m i t t e n t  paper s p l i t  on nor th  w a l l  of bedroom No. 14. 
General  opening of prev ious ly  patched cracks  on c e i l i n g  of staircase. 

of h a l l .  
Addi t iona l  p l a s t e r  has f a l l e n  from cracked a r e a  behind h e a t e r  of 
ba th  No. 5. 

7.c C . - - - - . . l  uycL,;,,6 ----.- ~ cf p r e v i x s l y  ?~t_cherl cracks  on c e i l i n g  and east  w a l l  

T e s t  House No. 6 
A6. North and e a s t  wa l l  crack noted i n  k i t chen .  
B6. West w a l l  c rack  noted i n  d in ing  room. 
C6.  North w a l l  c rack  i n  d in ing  room noted.  
D6. South,  eas t ,  and w e s t  w a l l  cracks noted i n  bedroom No. 7. 
E6. C e i l i n g  c rack  ex tens ion  i n  d in ing  room. 
F6. North and west wa l l  cracks i n  k i t chen .  
G6. South w a l l -  c rack  i n  bedroom No. 7. 
H6. South wal l  c rack  i n  bedroom No. 8 .  
16. North w a l l  c rack  i n  k i tchen .  
56. East w a l l  c rack  i n  l i v i n g  room. 
K6. North and e a s t  w a l l  cracks i n  l i v i n g  room. 

Test House No. 7 
A7. 

B7. South wa l l  c rack  noted i n  bedroom No. 6. 
C7. C e i l i n g  and west w a l l  c racks  noted in b r e a k f a s t  room. 
D7. South w a l l  crack noted i n  d in ing  room and c e i l i n g  c rack  i n  ba th .  
E7. East w a l l  and c e i l i n g  c racks  noted i n  bedroom No. 3. 
F7. North and south  wall c racks  noted i n  bedroom No. 6 .  

Cracks noted on nor th  w a l l  of l i v i n g  room and on south w a l l  of d i n i n g  
room . 

Test House No. 8 
A 8 .  West w a l l  crack noted i n  bedroom No. 8. 
B8. South w a l l  crack noted i n  l i v i n g  room. 
C 8 .  South w a l l  crack noted i n  bedroom No. 7. 
D8. East wa l l  crack noted i n  bedroom No. 8. 
E8 .  
F8. 
G8. Two nor th  wa l l  cracks noted i n  l i v i n g  room. 
HS. Two south  w a l l  and one no r th  w a l l  c rack  noted i n  bedroom No. 7.  
18. North w a l l  crack noted i n  bedroom No. 8. 
58. East wa l l  c rack  noted i n  bedroom NO. 7.  

L8. East w a l l  c rack  noted i n  k i t chen  and west wa l l  crack i n  h a l l .  

C e i l i n g  and west wal l  c racks  noted i n  the  h a l l .  
C e i l i n g  and no r th  w a l l  cracks noted  i n  bedroom No. 8. 

K 8 .  Cracks noted oii east  w a l l  cf ? i ~ . ~ i ~ g  ~ O C Z I  EEC! h ~ l l ~  
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX A4 

SUMMARY OF INSPECTION FINDINGS (B) - OCTOBER 1964 - PAGE 3 of 3 
Test House No. 9 

A9. East w a l l  crack noted  i n  d in ing  room. 
B9. East and south  w a l l  c racks  noted i n  bedroom No. 11. 
C9. West and nor th  w a l l  c r acks  noted i n  bedroom No. 11. 
b9. Crack noted i n  south  w a l l  of d in ing  room. 
E9. East and west w a l l  c r acks  noted i n  d in ing  room. 
F9. East and south w a l l  c r acks  noted i n  k i t chen .  
G9. 
H9. East and south w a l l  c r acks  i n  bedroom No. 11. 
19. South and w e s t  w a l l  c r acks  noted i n  bedroom No. 11. 

Cei l ing  crack noted i n  ba th  No. 14  and west w a l l  crack i n  s t a i r c a s e .  

T e s t  House No. 10 
A10. Thi r teen  w a l l  c r acks  noted.  
B10. Eleven wa l l  cracks noted .  
C10. Ten wall c racks  and two c e i l i n g  c racks  noted. 
D10. Seven w a l l  c racks  noted  and t h r e e  c e i l i n g  c racks .  
E10. Three w a l l  and two c e i l i n g  c racks  noted.  
F10. Four w a l l  c racks  noted  and one c e i l i n g  crack.  
G10. Eight  w a l l  c racks  noted  and one c e i l i n g  crack.  
H10. Four w a l l  c racks  and f i v e  c e i l i n g  c racks  noted.  
110. F ive  w a l l  c racks  noted .  
J10. One wall crack noted. 
K10. Four w a l l  c racks  noted.  

T e s t  House No. 11 
A i l .  F ive w a l l  cracks noted.  
B 1 1 .  Four w a l l  c racks  noted.  
C 1 1 .  Two wall c racks  noted. 
D 1 1 .  One wall crack noted. 
E l l .  Three w a l l  c racks  noted .  

-34- 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX B4 

INTRODUCTION 

The o r i g i n a l  F i r s t  Nat ional  Bui lding was cons t ruc ted  i n  1931-32 c o n s i s t i n g  of a 
c 

32-story tower f ron t ing  w e s t  on Robinson Avenue, p ius  two 13-story wings. 

h e i g h t  of t he  tower i s  about 407 f e e t  excluding beacon tower. A t  the  r e a r  (east) of 

t h e  tower are the two 13-story wings jo ined  by a 4-story s e c t i o n .  Most of t h e  or ig-  

i n a l  31st f l o o r  of the  tower has  been considerably a l t e r e d  ( inc lud ing  windows) and 

is operated by a sepa ra t e  corpora t ion  known as the Beacon Club. 

To ta l  

I n  1957-58, a 14-story o f f i c e  bu i ld ing  f r o n t i n g  nor th  on Park Avenue was con- 

s t r u c t e d  across  the e a s t  ends of t h e  two wings, and connects t o  a 13-story park ing  

garage b u i l t  i n  1956 which extends south  from the o f f i c e  b u i l d i n g  t o  Main S t r e e t .  

Due i n  p a r t  t o  the f a c t  t h a t  no window g l a s s  damage was claimed f o r  e i t h e r  of these  

newer s t r u c t u r e s ,  t h e  o f f i c e  bu i ld ing  add i t ion  and the  parking garage have been 

omi t ted  i n  t h i s  i nves t iga t ion .  It may be  s i g n i f i c a n t  t h a t  no window g l a s s  damage 

h a s  been claimed f o r  t he  o f f i c e  bu i ld ing  add i t ion ,  bu t  the  s tudy  and a n a l y s i s  in- 

volved were considered t o  b e  beyond the  scope of t h i s  i n v e s t i g a t i o n .  

' 

A map showing t h e  street loca t ion  and o r i e n t a t i o n  of t he  F i r s t  Nat iona l  Build- 

i n g  (FNB), p lus  a photograph of the  w e s t  e l eva t ion ,  a r e  included on pages 3 and 4. 

General d i r e c t i o n s  and areas  f o r  t h i s  i n v e s t i g a t i o n ,  as def ined  i n  eng inee r s '  

d i r e c t i v e ,  were as follows: 

1) Make an inventory and d e t a i l e d  inspec t ion  of  a l l  windows i n  F i r s t  Nat iona l  

Bui lding t o  determine l o c a t i o n ,  condi t ion ,  and cons t ruc t ion  d e t a i l s ,  p a r t i c u l a r l y  

wi th  r e spec t  t o  g l a s s  manufacturer ' s  recommendations and publ i shed  da ta .  

*2) Measure overpressures  produced from son ic  booms a t  va r ious  levels and 

s i d e s  of the  bui ld ing .  

*3) I n  add i t ion ,  i t  was subsequent ly  considered necessary  t o  develop and 

f u r n i s h  a por tab le  instrument  system t o  p r e c i s e l y  measure and record  s e l e c t e d  

window g l a s s  de f l ec t ions  and f requencies .  

*(Note: Excerpts included he re in  r e l a t e  only t o  t h e  l a t t e r  two areas of  i n v e s t i -  
gat ion .  ) 
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STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX B4 

OVERPRESSURE PEASUREMENTS 

P r i o r  t o  s t a r t i n g  t h i s  invest igat ion,  and i n  connection with the general  

s tud ie s  of overpressure d i s t r i b u t i o n  within the program t e s t  area,  overpressure 

measurements had been taken on Sunday, May 31,  a t  s t r e e t  i e v e i  on a i l  fou r  s ides  

of the block of which the F i r s t  National Building occupies the northwest quarter .  

The loca t ion  of the bui lding with respect t o  the s t r e e t s  bounding t h i s  block is 

shown on preceding page 3. 

I n  the e f f o r t  t o  determine, i f  possible ,  the general  l e v e l  and na tu re  of over- 

pressures which had occurred, and were occurring, a t  various l eve l s  and s i d e s  of 

the  bui lding,  a series of overpressure measurements were made each day during the 

period of June 13-19, 1964 and on July 11, 1964. Access ib i l i t y  t o  some desired 

locat ions was l imited due, i n  some cases, t o  bui lding configuration, and i n  o the r s  

t o  tenant occupancy of o f f i c e  space adjoining. However, overpressure readings a t  

four  s ides  o r  corners of the building were obtained a t  the 32nd*, 29th, and 27th 

f l o o r  l eve l s .  Since i t  was considered d e s i r a b l e ' t o  be able t o  es t imate  maximum 

overpressures which may have occurred a t  any t i m e ,  a t  any po in t ,  a t  the ba i ld ing ,  

microphone locat ions were se l ec t ed  when f eas ib l e  a t  points where "focusing" should 

occur, such as the  extreme corner of bui lding i n s e t s .  *(South s i d e  no t  accessible)  

Also, overpressure readings were obtained a t  the 14th f l o o r  (west wal l )  and 

a t  the four corners of the 13th f loor  roof and a t  the bottom (5th f l o o r  l eve l )  of 

the i n t e r i o r  court .  On June 14, i n  an e f f o r t  t o  obtain an ind ica t ion  of the  over- 

pressure r e l a t i o n  between top and bottom of the bui lding,  simultaneous readings 

w e r e  obtained a t  street l eve l  and a t  the 32nd f l o o r  l eve l .  

A l l  overpressure measurements obtained a t  various locations on and around 

t h e  bu i ld ing  have been tabulated by date  and f l i g h t  number (pages 6 ,  7 6 8) and 

are co r re l a t ed  t o  comparable overpressure measurements (and the average) recorded 

a t  Test  Houses No. 1, 3 and 4 t o  determine what r e l a t ionsh ip ,  i f  any, ex i s t ed  

between overpressures produced i n  the FNB a rea  and overpressures produced a t  the 

t e s t  houses. 
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OVERPRESSURE MEASUREMENTS AT FIRST NATIONAL BUILDING 
COMPARED TO O.P .  MEASUREMENTS AT TEST HOUSES 
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APPENDIX B4 STRUCIZIRAL RESPOIXE TO SONIC BOOMS 

OVERPRESSURE MEASUREMENTS (Concluded)' 

However, no te  t h a t  microphone locat ions a t  FNB i n  every case  a r e  d i s s i m i l a r  t o  

the  r e g u l a r  microphone ground i n s  t a l l a t i o n s  a t  t h e  t es t  houses .  

The mnximum overpressure recorded a t  FNB dur ing  t h i s  s tudy  w a s  3.02 PSF i n  the  

extreme c o m e r  of the  bu i ld ing  i n s e t  a t  the southwest corner  of t h e  b u i l d i n g  a t  the  

27th f l o o r  l e v e l  on June 1 7  ( F l i g h t  5). 

along wi th  o t h e r  recordings of  maximum measurements a t  o t h e r  s i g n i f i c a n t  FNB loca-  

t i o n s ,  are included h e r e i n  on pages 10, 11 and 12. Note the  cons iderable  va r i ance  

i n  t h e  n a t u r e  of these  recordings.  

Copies of  t h i s  overpressure  r eco rd ing ,  

Other recordings showing wave forms (or  "s ignatures")  on the  w e s t  w a l l  of t h e  

bu i ld ing  a t  the 14th f l o o r  l e v e l  are included wi th  the  d i scuss ion  on d e f l e c t i o n  

measurements of windows. 

A l l  of  t he  t e s t  f l i g h t s  flown during t h i s  s tudy  were flown a long  t h e  s t anda rd  

f l i g h t  pa th  us ing  the  F-101 a i r p l a n e  except  F l i g h t  2 on June 13  which u t i l i z e d  t h e  

F-106 a i rp l ane .  

I n  connect ion wi th  the  very low overpressure va lues  (.19-.35 PSF) measured a t  

the  bottom of t h e  i n t e r i o r  cour t  of the bui ld ing ,  i t  should be noted t h a t  t h e  

o r i e n t a t i o n  of the  bu i ld ing  wi th  respect  t o  the  flight path  may be  s i g n i f i c a n t .  

I n  connect ion wi th  the  simultaneous overpressure readings taken June 14th  a t  

street  l e v e l  and the  32nd f l o o r  l e v e l  of  the bu i ld ing ,  no s i g n i f i c a n t  d i f f e r e n c e  

i n  t h e  gene ra l  l e v e l  of overpressures  due t o  e l e v a t i o n  d i f f e r e n c e s  i s  noted.  

eve r ,  i t  is  noted t h a t  s i g n i f i c a n t l y  g r e a t e r  va lues  were recorded a t  s t reet  l e v e l  

i n  the  a l l e y  on the  south s i d e  of the bui ld ing ,  bu t  the  n a t u r e  of t he  wave form 

recorded (page 10) requi res  s p e c i a l  s tudy and ana lys i s .  

How- 

. 

-9- 



~ STRUCTURAL RESPONSE TO SONIC BOOMS APPEHDIX B4 

. 



ex k. 

STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX B4 

I 
I 
i 
8 

! 

i 
I 
I 
! 
1 

I 
1 

I 

-11- 



'd, A 

STRUC"lJRAL RESPONSE TO SONIC BOOMS APPENDIX B4 

b 

-12- 



eF A. - -  

STRUCTURAL RESPONSE TO SONIC BOOMS APPENDIX ~4 

DEFLECTION MEASUREHENTS OF WINDOWS 

. On Ju ly  11, 1964, window d e f l e c t i o n s  were measured s imultaneously wi th  over- 

p re s su re  f o r  two windows of Room l h 2 0  of t h e  F i r s t  Nat iona l  Bui lding.  This tes t  was 

a con t inua t ion  of an e a r l i e r  t es t  i n  which window v i b r a t i o n  w a s  measured b u t  over- 

pres su re  was not .  
1 

The windows both  faced  wes t ,  a r e  loca ted  nea r  t h e  c e n t e r  of t h e  w e s t  e l e v a t i o n  

( see  page 4 ) ,  and i n  each case a r e  lower panes i n  double-hung meta l  sashes .  One 

* window, des igna ted  as  #1414,  had a sma l l  crack ac ross  one lower co rne r ,  b u t  w a s  

s t r u c t u r a l l y  sound i n  a l l  o t h e r  r e s p e c t s .  

The in s t rumen ta t ion  system f o r  t he  measurement of dynamic d e f l e c t i o n  of t h e  

windows is  shown as  F igu re  1 on fo l lowing  page, and was the same as  f o r  the f i r s t  

series of tests;  a sma l l  h igh  frequency d i f f e r e n t i a l  t ransformer  coupled t o  a 

Sanborn recorder .  C a l i b r a t e  d e f l e c t i o n  f o r  t h i s  t es t  measured 24 mm, producing a 

displacement  formula of y = .00278 inch/mm of r eco rde r  d e f l e c t i o n .  Examples of 

d e f l e c t i o n  record ings  are inc luded  h e r e i n  as  pages 18, 19 and 20. 

The Sanborn 7 DCDT-050 d i f f e r e n t i a l  t ransformer i s  powered by a 6-vol t  d ry  cel l  

and con ta ins  an i n t e r n a l  osc i l la tor -modula tor  as w e l l  as a demodulator.  The output  

of t h i s  ins t rument  i s  dc  v c l t a g e  p ropor t iona l  t o  t h e  motion of t h e  smal l  rod i n s i d e  

the  cy l inde r .  The scale of t h i s  instrument  i s  30 v o l t s / i n c h  wi th  a maximam l i n e a r  

range of 5 .050 i n .  The frequency response extends t o  beyond 300 cps.  The d i f -  

f e r e n t i a l  t ransformer  w a s  mounted on an aluminum boom which i n  t u r n  was mounted upon 

a heavy e l e v a t o r  t r i p o d ,  pe rmi t t i ng  adjustments t o  be  made e a s i l y .  

The Sanborn r eco rde r  has  a hea ted  s t y l u s  and a h igh  ga in  p reampl i f i e r .  The 

frequency response depends upon the  d e f l e c t i o n  of t he  s t y l u s ,  bu t  i s  f l a t  t o  around 

90 cps which is  q u i t e  adequate  s i n c e  t h e  window f r e q x n c i e s  a r e  around 20 cps.  

m 
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The n a t u r a l  f r e q u e n c i e s  of bo th  windows were. measured by s t r i k i n g  t h e  window 

5 and then  r eco rd ing  t h e  r e s u l t i n g  v i b r a t i o n .  

v i b r a t i o n  are as fo l lows:  

The n a t u r a l  pe r iods  and f r equenc ie s  of 

Window PerirPd Na tu ra i  Frequency 
9 

1414 (Small crack)  .05 Sec. 
1415 .05 Sec. 

20 cps 
20 cps 

Dimensions of t h e  g l a s s  are as shown i n  F igu re  2 on page 14. 

The d e f l e c t i o n s  of t h e  two d i f f e r e n t  windows were measured wi th  the  microphone 

p laced  o u t s i d e  t h e  t h i r d  window (#1416) i n  Room 1420 t o  o b t a i n  overpressure .  

(Note: A l l  windows remained c losed  during the  test .)  The d i s t a n c e  from the  micro- 

phone t o  t h e  o t h e r  windows was approximately 15 f e e t .  

Following i s  a compi la t ion  of the d e f l e c t i o n s  and accompanying stresses r e l a t e d  

t o  ove rp res su re  v a l u e s .  No d a t a  w a s  recorded f o r  F l i g h t  1 due t o  equipment malfunc- 

t i o n .  The ove rp res su re  va lues  are peak p res su res  s c a l e d  from t h e  record ings  and are 

in t ended  on ly  f o r  a g r o s s  comparison. 

D e f l e c t i o n  Displacement Peak S t r e s s  Overpressure 
F l i g h t  Window mm Inches p s i  PSF 

1 1414* Equipment m a  1 fun c t i on - 1.94 

3 1415 7 .O .0194 239 1.26 
4 1415 4 .o ,0111 137 .64 
5 1415 8.0 .0222 272 1.18 
6 1415 10 .o .0278 342 1.33 

------- 2 14142 - I - -425- - - - - - -0122 - - - - - -154, - - - - - - 1211 - - 

*Cracked 

The stresses c a l c u l a t e d  nea r  the  c e n t e r  of t h e  window a r e  q u i t e  sna l l  and are 

low i n  comparison to t h e  normal working s t r e s s  of t h i s  type of g l a s s .  The h i g h e s t  

stress c a l c u l a t e d  was 342 p s i  f o r  F l igh t  6 ,  wi th  an overpressure  of 1.33 PSF. The 

b reak ing  stress of t h i s  type of g l a s s  could be taken as around 6,000 p s i ,  i n d i c a t t n g  

a cons ide rab le  f a c t o r  of s a f e t y  f o r  t h i s  l e v e l  of Overpressure.  

! 
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Figure  3, be low,  is a p l o t  of displacement and overpressure  for  F l i g h t s  3 

through 7 on window 11415. 

between overpressure and displacement .  I n  

F l i g h t  3 t h e  displacement was .0194 i nch ,  corresponding t o  an ove rp res su re  of  1.26 

PSF. 

of 1.28 PSF. 

was .0278. 

as pages 21 and 22 f o r  comparison o f  t hese  two wave shapes.  

As may be  seen ,  t h e r e  I s  a reasonably c l o s e  c o r r e l a t i o n  

For  example, cons ide r  F l i g h t s  3 and 7. 

I n  F l i g h t  7 the  d e f l e c t i o n  w a s  .0194 inch ,  corresponding t o  an ove rp res su re  

However, i n  F l i g h t  6 ,  with an overpressure  of 1.33 PSF, d e f l e c t i o n  

Overpressure record ings  f o r  F l i g h t  6 and F l i g h t  7 a r e  h e r e i n  inc luded  

Since t h i s  ana lys i s  is based upon t h e  measurement of t h e  peak ove rp res su res ,  

i t  is poss ib l e  t h a t  a c l o s e r  c o r r e l a t i o n  could be obta ined  if t h e  ove r -a l l  area of 

t h e  wave, o r  the shape of t he  wave, was used i n s t e a d  of t h e  peak p res su re .  

Piaure 3. Windm 11415 Diep lacewnt  va Overvreseurt 
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It may be  of i n t e r e s t  t o  no te  that t h e  window d e f l e c t i o n s  produced by rapping 

-. on t he  pane f o r  t he  purposes of  determining n a t u r a l  f requency i n  most cases  equal led  

o r  exceeded t h e  d e f l e c t i o n  produced by t h e  ove rp res su res  o c c u r r i n g  du r ing  the  tes t .  

Note t h a t  the  d e f l e c t i o n  prociuced 5y r d p p l ~ ~ g  oii i.kx!~z !?I415 (pzge 18) amounts t o  

12 m i l l i m e t e r s  whi le  t he  d e f l e c t i o n  produced from t h e  1.33 PSF ove rp res su re  ( F l i g h t  

, * 

G - page 20) amounted t o  10 mi l l ime te r s  f o r  same ins t rument  s e t t i n g s .  

Under c e r t a i n  cond i t ions ,  g r e a t e r  window g l a s s  d isp lacements  than  those  re- 

corded could poss ib ly  occur.  I f  t h e  t i m e  d u r a t i o n  of t h e  boom i s  equal  t o  an i n t e -  

g e r  m u l t i p l e  of t h e  n a t u r a l  pe r iod  of the  window s t r u c t u r e ,  a displacement  ampl i f i -  

c a t i o n  could r e s u l t .  Thus, under  unusual cond i t ions ,  t h e  ampli tudes could  be 

roughly double those recorded he re .  In  t h e  case  of window $1415, i f  t h e  boom dura- 

t i o n  (N wave t o t a l  l ength)  was e x a c t l y  .05 (probably imposs ib l e ) ,  . lo ,  .15, .20, or  

.25 seconds,  g r e a t e r  d e f l e c t i o n s  could occur .  (Note: Also,  t h e  d i r e c t i o n  of m a x i -  

mum d e f l e c t i o n ,  i .e. i n  o r  o u t ,  could vary.)  

The shape of t h e  "N" wave i s  impor tan t ,  and the  preceding  s t a t emen t  is  based 

upon the  assumption of t h e  wors t  poss ib l e  cond i t ions .  

Considering a doubled ampli tude response,  t hese  windows s t i l l  would be sub- 

j e c t e d  t o  less than t h e  nominal working stress. 

When a s o n i c  boom impinges upon a complex of b u i l d i n g s ,  t h e  r e s u l t i n g  p res su re  

wave w i l l  be  cons iderably  d i s t o r t e d  due t o  t h e  i n t e r a c t i o n  of  m u l t i p l e  r e f l e c t i o n s .  

Genera l ly  the du ra t ion  of  t h e  wave w i l l  be longer  and o f t e n  t h e  sha rp  rise per iod  

i s  rounded o f f ;  t h e  c h a r a c t e r  o f  t h e  wave w i l l  bea r  l i t t l e  o r  no resemblance t o  t h e  

u s u a l  "N" wave a s  measured i n  a free f i e l d .  . 
It  would be impossible  t o  p red ic t  a c c u r a t e l y  what overpressures  might r e s u l t  a t  

ground l e v e l  i n  an a r e a  wi th  many l a rge  b u i i d i n g s ,  w i thou t  ii carefiil gscmetrical 

a n a l y s i s .  The p r e d i c t i o n  of  window s t r e s s e s  would b e  s i m i l a r l y  d i f f i c u l t  without  

cons ide r ing  t h e  o r i e q t a t i o n  of t h e  ad jo in ing  s t r u c t u r e s .  However, i t  i s  gene ra l ly  

p o s s i b l e  t o  p r e d i c t  i n s t ances  i n  which p r e s s u r e  a m p l i f i c a t i o n  can occur  and t o  

p r e d i c t  roughly the  nominal r e s u l t a n t  p r e s s u r e s .  

-17- 
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